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Dear Cooperator 
You have evidenced a real interest in the subject matter presented today 
by taking time from your busy schedule to attend. For this reason, we 
value your opinions and invite your constructive criticism. 
We are genuinely interested in improving the content and quality of this 
meeting series. Because we don't "see ourselves as others do," we 
need your help. Won't you please complete and return the following 
questionnaire at your early convenience? No need to sign it unless you 
want to. 
Thanks for your help and interest! 
Sincerely 
Merle V. Halverson for 
Extension Specialists in Crop Production 
MVH:mls 
QUESTIONNAIRE 
1. I am attending the Retail Dealer Meeting in 
-------(rn_a_m __ e __ o~f~t-o_w_n_)r----
2. I have have not attended previous Retail Dealer 
------------- --------------
Meetings. 
3. I dea.l in seed fertilizer herbicides 
----------------------- ----------------
insecticides fungicides 
------------------------- -------------------
Of these, my greatest gross dollar volume 
comes from 
COOPERA'l'IVE EXTENSION WOI\K IN AGRICULTURE, HOME ECONOMICS, AND 4-u CI..VB • U.S. DEPARTMENT OF AGRICULTURE, UNIVERSITY OF MINNESOTA, 
AND COUNTY EXTENSION SERVICES COOPERATING 
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4. Having attended previous meetings, I find the Handbook uEJeful 
----
excess baggage 
------------
I refer to it seldom. 
occasionally frequently 
------------------- ------------
It could 
be improved by 
-------------------------------------------------
5. Another year I would prefer an afternoon evening 
-------------- -----
n>eeting in . 
----------r------~----~--------(name of town) 
6. The subject I would like rnost to see written up in next year 1 s Handbook 
is 
7. My main reason for coming was to hear the presentations on (a) plant 
diseases (b) soils and fertilizers 
-------------
(c) insect control (d) varieties and weed con-
---------------------
trol 
---------------------------
8. 'The} part I liked least about this year's program was (lay it on) 
-----
This could be improved by 
-----------------------------------------
9. The reason more dealers don't come to these meetings is 
------------
10. I would would not prefer an all day session on 
-------------- ------
1 instead of a 11 once over lightly" 
(name of subject) 
treatment of several subject matter fields. 
11. The recent Dealer Meetings should be stopped continued 
------------
because 
--------------------- -------------------------------------
12. I have the following additional comments: 
WHY DO WE NEED MORE AGRICULTURAL RESEARCH? 
W. M. Myers, Head 
Department of Agronomy and Plant Genetics 
University of Minnesota 
Because of apparently troublesome surpluses of several agricultural 
commodities, the question, "Why do we need more agricultural Research" 
is being asked with increasing frequency. It is asked by the man of the 
street, the urban dweller who has little knowledge and less concern about 
the problems of agriculture, by legislators and members of Congress, and 
even by some agricultural leaders. It is pointed out that we are now spend-
ing about $280 million annually of public funds on agricultural research. 
This consists of about $120 million of federal money for research conducted 
by the USDA, $38 million of federal money for grants-in-aid to the state ag-
ricultural experiment stations and $122 million of state support to the agri-
cultural experiment stations. Why, we are asked, should we spend about 
$280 million to produce more when we, at the same time, must spend in 
excess of $6 billion for benefit payments, commodity loans, storage, etc. 
to take care of the surpluses we already have? It is seriously suggested 
that the total amount of agricultural research should be reduced, to the 
benefit of all concerned. 
Obviously, this is a very serious question. The future welfare and 
strength of our agriculture, and hence of our nation, may well be deter-
m.ined by how wisely we answer that question in the next few years. There 
is no simple answer to the questions but several factors, having a direct 
bearing on it, must be considered in seeking an answer to it. Among 
these factors are the following: 
l. By no means all of the funds for research are for so-called "pro-
duction" research. For example, of the $120 million for the 
USDA's own research program, only about $50 million is for 
"production" research. The remainder ($70 million) is for 
such things as forestry, economics., marketing, utilization, con-
sumer use and human nutrition research. Furthermore the so-
called production research is not concerned primarily with in-
creasing pounds, bushels or tons per acre. Rather, its primary 
objectives are increased efficiency and reliability of production, 
control of diseases, insects and other pests of plants and ani-
mals, conservation and utilization of soil and water resources, 
and mitigation of the hazards of weather. In addition, only a 
few agricultural commodities are in difficulties because of sur-
pluses, notably wheat, corn, other feed grains, cotton and dairy 
products. Support of "production" research on these commodities 
is only a fraction of the total of $50 million devoted to so-called 
"production" research. 
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2. Agricultural research has been and continues to be an impressive 
source of national economic growth. But the benefits have gone 
prit;narily_ · to society as a whole. Farmers, as a group, have not 
been the principal beneficiaries of the results of agricultural re-
search. An economic study at University of Chicago shows that 
return to the nation on dollars invested in agricultural research 
are from 30 to l 70% annually. Any individual or industry (or nation) 
can afford to make further investments when returns of 30 to l 70% 
annually can be anticipated. 
The benefit to the consumer is best shown by the fact that our food 
and fiber production last year would have cost $13 billion more if 
our farmers had had to use the seed, fertilizers, insecticides, 
machinery and other technology which was available as recently 
as 20 years ago. Any housewife can go to the supermarket almost 
any day and be certain of fl.nding almost any kind of food in almost 
any quantities. Furthermore, food (even when one considers the 
built-in preparation and processing available today) is one of the 
few necessities of life that costs less today in terms of hours of 
labor required to pay for it than ever before in history. Perhaps 
the principal reason that the urban dweller gives so little thought 
to agriculture is that we have not, in this country, had a good 
famine for generations. 
The benefit to the nation is best indicated by the fact that we are 
feeding and .clothing our population today on less land than was re-
quired 40 years ago and that only 8% of our population is engaged 
in producing food and fiber. Compare this to India, where 75% 
are engaged in agdcultural production, or Russia, where the fi-
gure is 40 to SO%. We have released a large proportion of our 
people for other productive pur suits. Futhermore, it is well 
known that even greater efficiency can be attained, if we have 
a vigorous agricultural research program, in use of our human, 
land, water and other resources. Gains made to date are only 
indicative of the gains to be expected from further investments 
in agricultural research. 
3. We cannot control our surplus productive capacity by reducing 
our agricultural research investment. The technology used in 
production today came from research already done. Much of the 
research in progress today will not pay off in improved technology 
for 5, l 0 or even 2 0 years. Thus reduced research today will 
have its greatest impact in the future, when the population explo-. 
sionmay make the needs most critical, and when it is too late to 
recover the precious lost time. 
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The most important reason, however, for not reducing recearch 
to control the surpluses is that we thereby also reduce efficiency 
and economic growth which require greater, not less, efficiency. 
Furthermore, we might speculate about the disaster to our hard 
red spring wheat producers, and the processing industry that de-
pends on them, if research on development of varieties resistant 
to black stem rust were curtailed for a few years. Anyone famil-
iar with farm production problems could cite many similar examples. 
4. The superiority of our agricultural productivity is the largest ad-
vantage that we have over the countries back of the Iron Curtain. 
With more than 3/4 of the world's population perpetually hungry, 
our food and our agricultural production technology are the best 
weapons we have in the struggle for the minds of man. H we can 
spend $40 billon a year building and maintaining our capacity to 
defend ourselves in a hot war, can we afford to spend so little as 
$1/4 billion to strengthen our most potent weapon in the cold war? 
Make no mistake about it- -if the USSR had an agricultural produc-
tive capacity equal to ours, they would be a lot more difficult to 
handle. Or we may ask, is it more important to place a man on 
the moon than to insure our continuing ability to feed and clothe 
an exploding population? The single man-on-the-moon project 
will cost, it is estimated, $30 billion. Do you know how much 
$30 billion will buy? Dr. Warren Weaver, former vice-president 
of the Rockefeller Foundation and former president of the American 
Association for Advancement of Science wrote under the title "What 
a Moon Ticket Will Buy" that with $30 billion we could: "give a 
l 0 percent raise in salary, over a ten-year period, to every teacher 
in the United States, from kindergarten through universities, in 
both public and private institutions (about $9. 8 billion); give $10 
million each to 200 of the best smaller colleges ($2 billion); finance 
seven-year fellowships (freshman through Ph. D.) at $4,000 per 
person per year for 50, 000 new scientists and engineers ($1. 4 
billion); contribute $200 million each toward the creation of ten 
new medical schools ($2 billion); build and largely endow complete 
universities, with medical, engineering, and agricultural faculties 
for all fifty-three of the nations which have been added to the 
United Nations since· its original founding ($13. 2 billion); create 
three more permanent Rockefeller Foundations ($1.5 billion); 
and still have $100 million left over to popularize science. 11 
5 .. Now , in closing, let us bring our focus closer to home- -to the 
farmers that we serve. Are your farmers faced with any problems 
for the solution of which research results are not available? H 
the answer to this question is "yes, 11 and it most certainly must 
be if you have talked to many farmers, then it is obvious that the 
agricultural research job is not yet done. And if you encounter 
as many of these questions as our extension specialists andre-
search workers do each year, it will become obvious that our 
funds and resources for research, yes even production research, 
are still much too limited. 
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FACTORS AFFECTING YIELD AND QUALITY RESPONSES 
OF BARLEY TO NITROGEN FERTILIZATION 
Merle Halverson 
Extension Specialist in Soils 
Most farmers have a general appreciation of the number and complexity 
of factors affecting yield and quality in grain crops. Few, per haps are able 
to spend enough time reviewing experimental results to consistently put the 
blame (or acclaim) in the right places when yield and quality of a crop are 
locally favorable or unfavorable. Often, in such cases, the human tendency 
is to ask "what did I do differently" and as sign good or bad results to this 
factor. 
The 1961 barley crop in several northwestern Minnesota counties is a 
case in point. High protein levels, poor plumpness of kernel and low yields 
com.bined to leave much of the crop in poor demand for malting purposes. 
In their search for a satisfactory explanation, many growers have concluded 
that use of fertilizer nitrogen and high grain protein content necessarily go 
hand in hand. This type of publicity has created a need for factual information 
that will put nitrogen use in its proper perspective as one of many factors that 
may or may not influence protein levels in barley grown for malting (or other) 
pur~Joses. 
Marlin Johnson, assistant agent in West Polk County and currently on 
leave in pursuit of an advanced degree in the Department of Soil Science, has 
done a masterful job of pulling together evidence from the literature bearing 
on this question. The present article is based on findings reported by Mr. 
Johnson in his paper entitled "Some Factors Affecting Protein in Barley. 11 
Statements not documented are the responsibility of the author. 
High Protein in Barley - Good or Bad? 
It depends. 
The livestock feeder prefers barley of high protein content because it 
reduces the cost of supplementing growing and fattening rations with purchased 
protein. About 75 percent of total U. S. barley production is used for feed 
purposes (4). 
Except for small amounts going into cereal and soup manufacture, the 
major commercial use for barley is in the malting industry. Malt contains 
the enzyme, diastase which converts starch into sugar for subsequent fer-
mentation into alcohol. Because it is in the brewers' interest to produce a 
beverage of uniform quality he demands a product of uniform diastatic power 
from the malts'terwho, in turn passes this demand for uniformity on to the 
barley grower. It is also in the maltsters interest to choose barley that will 
yield much malt extract. Given a variety of known acceptable malting qual-
ity, his experience tells him he is most likely to find these characteristics 
in lots having high test weight, good plumpness and brightness of kernel, a 
minimum of shriveled kernels and low protein content. There is consider-
able evidence to indicate that increases in grain protein content are associated 
with decreases in yield of malt extr.act. 
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Effect of Time of Application of Fertilizer Nitrogen 
It would appear the the relation between bushel yield and grain protein 
content can be markedly altered depending on the stage of crop growth at time 
of applying fertilizer nitrogen. 
For example, McBeath and Toogood (l 0) in Alberta found that when 20, 
40 and 60 pounds /acre of nitrogen as ammonium nitrate were applied to bar-
ley in the early growth stages, increases in vegetative growth and grain yield 
resulted without any significant effect on protein content of the grain. When 
equivalent nitrogen rates were applied at time of flag leaf emergence, how-
ever, yields were little affected and grain protein content substantially in-
creased. 
Except to underwrite the realtive desirability of early vs. late appli-
cations of fertilizer nitrogen, this principle may be of limited practical im-
portance when the goal is to produce high barley yields of low protein content 
for the malting market. It does, however, provide one basis for understand-
ing how barley quality might vary with differences in soil, time of planting, 
previous soil treatment, cultural practices and weather conditions. These 
factors operate to make soil nitrogen available to the crop at differing times 
and in differing amounts throughout the same or differing seasons. 
Time of Seeding, Yield and Malting Quality of Barley 
Meredith, et al., (11) evaluated the effect of time of seeding on bar-
ley yields and quality in the Winnipeg area in 1937 and 1938. Three common-
ly grown varieties and three planting dates wexe used. Soil characteristics 
and previous cropping history were not described. Table 1 shows the yield 
and quality differences found in this work. 
Table 1. Effect of seeding, time on the average yield and q1:1ality of three 
barley varieties~,< grown at Winnipeg, Manitoba in 1937 and 1938. 
1937 1938 
Seeding date May 7 May 19 June 1 May 11 May 24 June 4 
Yield, bu/a. 39.4 43.0 25.5 43.9 29.5 18.5 
% protein 15. 1 15.0 15.3 12.9 13. 1 13.7 
o/o heavy kernels 61.3 69.0 17.0 93.8 82.9 53.1 
% malt extract 72.4 72.9 68.3 75.9 74.6 72.5 
* 0. A. C. 21 , Mensury and Gartons 
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The 1938 data especially show a trend toward increased grain protein 
content and depressed yields with progressive delay in seeding time. Mere-
dith concluded that 11 the date of seeding of barley plays a decisive role in 
determining crop quality as well as yield, and early seeding is essential to 
production of high yields of quality barley. 11 
It has been well established that release of available nitrogen from 
the soil organic matter is governed by soil temperature. In the northern 
latitudes, fine-textured soils of high water-holding capacity and organic 
matter content release little nitrogen early in the season because they 
warm up slowly. Once warm (and moist), however, production of available 
nitrogen proceeds at a rapid rate. Other factors being equal, it seems 
reasonable to suggest that such soils produce too little available nitrogen 
early in the season to provide for maximum barley yields and too much later 
in the season to make for grain consistently low in protein content. 
To suggest that this effect is solely responsible for the higher pro-
tein levels noted among the later seedings in table 1 would be oversimpli-
fication. It is possible that the higher temperatures encountered by later 
seedings also introduced effects upon plant physiology, disease prevalance 
and plant disease resistance that favored production of lower bushel yields 
higher in protein content. 
Effect of Summer Fallow 
Summer fallow presents conditions ideal for the elaboration of large 
amounts of available nitrogen from soil organic matter. Young et al. , (15) 
examined the nitrate nitrogen content at seeding time in the top 4 feet of 
paired fallow vs. non-fallow sites at 25 locations in the East Central and 
Red River Valley areas of North Dakota. The fallow sites were found to 
contain averages of 106 and 90 pounds/ A. more nitrate nitrogen than ad-
jacent non-fallow sites for the two areas, respectively. These values 
alone are equivalent to the annual nitrogen removal rates reported for 
barley grain and straw by Clagett et al., (3) in six station years' experi-
ence at Fargo, Minot and Park River. Add to these figures (1) the average 
nitrate nitrogen accumulation found on non-fallow sites, and (2) an allow-
ance for further release of available nitrogen during the growing season, 
and we come up with quantities of available nitrogen that would almost 
certainly be favorable to high yield but unfavorable to production of barley 
grain low in protein. Accordingly, we would expect that added amounts of 
fertilizer nitrogen applied to soils fallowed the preceding season would 
operate to further increase barley grain protein content without increasing 
yield. As the following examples show, these ideas are adequately sub-
stantiated in the published literature. 
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Hopkins (3) working on Manitoba soils in the late 192 0 1 o, found that 
11 0 lbs /a. of actual nitrogen as sodium nitrate, when applied to barley at 
seeding time on fallow, produced substantial (2 percent) increases in grain 
protein content but no significant yield increases. Identical nitrogen rateo 
applied to non-fallow ground resulted in yield increases of 24 bu/a. without 
siGnificant effect upon grain protein content. 
That grain of high protein content is the rule rather than the exception 
when barley is grown on summer fallowed soil, is borne out in the Saskatche-
wan work of Larter and Whitehouse (9). Table 2 shows that three varieties 
were sampled over a large number of seasons with one uniform result: high 
Grain protein content. It is doubtful that grain from any of these varieties--
or seasons would have met current protein specifications for malting pur-
poses. 
Table 2. 
1953 
1954 
1955 
1956 
1957 
Crude protein percentages of barley grown on unfertilized 
Saskatchewan soils .summer fallowed the preceding season. 
Variety 0. A. C. 21 Variety Montcalm Variety Olli 
13.0 13.2 12.7 
15.5 15.2 16.4 
16.4 14.6 16.5 
13.G 13.9 14.6 
15.0 13.2 16.5 
Effect of Soil Organic Matter Content 
Although the literature contains little reference to the effect of soil 
organic matter content on grain protein levels, it is reasonable to assume 
that soils of similar texture and cropping history occupying the same cli-
matic zone would differ in nitrogen release pattern according to their or-
ganic matter contents. Soils high in organic matter by virtue of having 
formed under prairie grass would be expected to produce grain of higher 
protein content than soils of low organic matter content formed under 
forest vegetation. 
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Caldwell (2) has observed that production of high quality malting 
barley in Alberta is selectively carried out on the ash-colored gray-wooded 
soils of low organic matter content, where nitrogen fertilizer must be used 
to obtain satisfactory yields. Perhaps, conversely, prairie soils could be 
favored for wheat production, a crop in which high grain protein levels often 
command a price premium. It is interesting to note that one of Minnesota':::; 
last relatively undeveloped soil resources is centered in the gray-wooded 
coils of the north central area. 
Effect of Soil Moisture and Cropping History 
Other factors being equal, the addition of water in areas of limited 
rainfall results in increased barley yields and decreased grain protein 
content. Too, the effect of previous crops on the soil nitrogen supply is 
often reflected in yield and/or grain quality differences. These principles 
are clearly illustrated in the work of Bendelow (l) in southern Alberta where 
some barley is grown under irrigation. The data in Table 3 are averages 
for several seasons in the 1950 1 s when the effect upon barley yield and qual-
ity of two rotations -- each with and without added irrigation water -- were 
evaluated. All of the results reported are from plots receiving 80 to l 00 
pounds/acre of ll-48-0 fertilizer placed with the seed. 
Table 3. Effects of irrigation and previous crop on yield and quality of 
barley grown at Taber, Alberta. 
Non-legume rotation Le gurne rotation 
non- irrig. irrig. non-irrig. irrig. 
Yield, bu/a. 27.9 46.6 25.8 60.5 
wt. in grams of l 00 kernels 31.6 34.8 32. 0 35.2 
grain protein, percent 12.6 ll. 7 14.4 11. l 
malt extract, percent 76.3 78.9 75.3 79.3 
water use, acre inches 8.0 15.8 9.8 17.4 
That rainfall was limiting is apparent from the vast differences in 
water use between the irrigated and non-irrigated areas. Note that under 
non- irrigated conditions the legume rotation produced less yield of higher 
protein grain than the non-legume rotation. Yet, when sufficient irrigation 
water was introduced, the added nitrogen present in the soil of the legume 
rotation was able to manifest itself in the production of vastly increased 
yields and decreases in grain protein content. 
---
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Water supply may be E1.ore influential in deterrDining barley protein 
content-than is generally realized. It is interesting to note that protein con-
tent of barley produced in the high-rainfall southeastern sections of the 
United Sta:tes is consistently low~r than that of upper midwestern barley 
(12, 1, 6, 9, 14). The higher organic matter content of midwestern soils 
is likely a,n additional contributing factor. 
Effect of Nitrogen Fertilizers 
Olson et al., (13) in 1937 and 1938 found that small amounts of nitro-
gen ( 15 lb /A) did not affect barley protein content in the Winnipeg area, but 
higher levels were not tested and cropping history of the soils was not in-
dicated.. Hopkins (8) obtained significant increases in barley protein when 
666 lbs. /a. of sodium nitrate ( 110 lbs. /a. actual nitrogen) were applied 
to barley grown on fallow soils in Manitoba. Equivalent rates applied on 
soils cropped to grain the preceding season produced no increases in grain 
protein. 
Reisenauer a:nd Dickson (14) grew the Hannchen barley variety at 
three locations over a two-season period on soils of the Palouse area in 
Washington state. The soils ranged in organic matter content from 2. 6 
to 4. 3 percent and were known to be sulfur deficient. Winter wheat was 
the preceding crop in all cases, the soils having been fall plowed and left 
in rough condition over winter. Four nitrogen rates (0, 40, 80, and 120 
lb /A. ) and two sulfur rates ( 0 and 20 lb/ A. as gypsum) were applied one 
inch to the side and one inch below the seed. Grain yields were harvested 
and their malting characteristics determined. 
The first 40 lbs. /A. of nitrogen produced yield increases averaging 
lZ 1/2 bu. /A. without significant unfavorable effect on grain protein levels. 
Application rates exceeding 80 lbs. of nitrogen per acre increased grain 
protein content to levels unacceptable for malting use in Washington, and 
produced grain y1elds only slightly higher than those with the 40 lb /A. 
nitrogen rates. The 40 lb /A. nitrogen rate slightly reduced average ker-
nel weight; but substantially increased per acre yieJd of large kernels 
(those held on a 6/64 inch seive). The additional yield increases (obtained 
for applying 80 and 120 lbs. /A. of nitrogen) resulted from production of 
rnore but smaller kernels. 
It is apparent that the 40 lbs /A. nitrogen rate added substantially 
to yield without inducing any significant sacrifice in quality. 
In 1962 Fuglie and Halverson (7) conducted a demonstration work with 
nitrogen on Parkla'nd barley in Kittson County on a Fargo soil cropped to 
durum wqeat in 1961. The season was unusual from the standpoint of high 
early season rainfall, low temperature and late seeding (May 28). Table 
4 lists the yield and quality measurements obtained. 
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Table 4. Effect of nitrogen on yield and quality of barley in Kittson 
county, 1962. 
Yield, Percent Percent protein 
Treatment, lbiA. bu/A. pump kernels in grain 
N P20s K2 o 
0 + 30 + 0 52.4 38 10.9 
30 + 30 + 0 64.8 49 10.3 
0 + 30 + 15 49.6 47 10.0 
30 + 30 + 15 57.5 61 10. l 
Although one season's work is by no means conculsive, the data in this 
case show no evidence of upward pressure on grain protein content due to use 
of 30 lbs. I A. of nitrogen on a soil cropped the preceding season to wheat. 
Yields, it will be noted, were substantially increased. 
Effect of Variety and Varietal-Fertility Interactions 
No discussion of factors influencing crop quality would be complete 
without a consideration of varietal differences. Inheritance has been as-
sociated with nearly every physiologic alteration in crop production and 
apparently synthesis of grain protein in barley is no exception. 
Middleton and others (12) tested eighteen feed barley varieties adapted 
in the southeastern United States at thirteen locations in 1957 and 1958. 
Percent crude protein in grain averaged over all locations for the two year 
period ranged from 9. 45 to l 0. 93 percent and grain yield from 39. 2 to 
56. 7 bul A. There was a well defined tendency for the high yielding vari-
eties to analyze low in protein content. As reported elsewhere herein, 
b.igh yield resulting from several factors appears to be associated with 
reduced protein content. 
The Saskatchewan work of Larter and Whitehouse (9) cited previous-
ly also included treatments of 11-48-0, 16-20-0 and 33-0-0 fertilizers 
at rates ranging from 20 to 144 lbs. I A. It will be recalled that 3 vari-
eties (0. A. C. -21, Montcalm and Olli) were grown from 1953-1957 on 
summer fallowed soils. 
Considering only unfertilized plots, the maximum range in protein 
content for any one variety over the 5 year period was 3. 8 percent. A 
range as great as 3. 3 percent in protein content was found among the 
three varieties in 1957. Comparatively, the greatest protein increase 
attributable to fertilizer {2. 2 percent) occurred in 1956 with 12 0 lbs. I A. 
of 16-20-0 applied to the variety 0. A. C. 21. 
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It is also of interest to note how protein contents of the varieties 
differed in response to fertilizer treatments. The protein level of the Olli 
variety remained unaffected by all fertilizer treatments. Montcalm and 
0. A. C. 21 showed considerable variation. 
The authors concluded that "the beneficial effects of fertilizer as 
measured by responses in yield and maturity were far more important 
than any detrimental influence they may have had on malting quality. 11 
It must be remembered, however, that ( 1) the entire work was conduc-
tec! on summer fallowed soils, and (2) the highest rate of nitrogen used 
was only 23lbs./A. 
Effect of Phosphorus and Potassium Fertilization 
It is not the purpose of this paper to give comprehensive review 
to phosphorus and potassium effects on barley quality. However, limited 
reference to literature bearing on this topic may be of interest to some. 
The early Manitoba work of Hopkins (8) indicated that neither phos-
phorus or potassium altered erain protein content. Frey and Robertson 
(6) determined that 8 0 lbs. P 2 o5 ; A. decreased grain protein content by 0. 8 percent in 1949 and increased it by 0. 6 percent in 1960. 
There are preliminary indications that soil conditions peculiar 
to time of seeding may bear on quality responses of barley to phosphorus 
and potassium fertilization. In 1961, Daellenbach et al., (5) conducted 
demonstration work in Clay County, Minnesota on a Fargo silty clay 
loam coil of high potassium status. On an early seeding, ·apparent 
drastic reductions in kernel plumpness -- resulting from application of 
30 lbs. P 2 o5 /A. with the seed-- were corrected when 15 lbs. K 2 0/A. 
were included in the fertilizer treatment. On an adjacent seeding made 
two weeks later, neither phosphorus or potassium fertilizers showed 
any noteworthy effect on kernel plumpness. Similar but less striking 
effects were noted in the 1962 demonstration work of Fuglie and Halverson 
( 7). . 
These preliminary indications provide no basis for recommendation 
chances unless and until their validity is established by research £incl-
ines. The problem is currently under detailed investigation by the De-
partment of Soils at North Dakota State University. 
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SUMMARY 
1. High protein content in barley may be desirable or undesirable 
depending upon intended use. 
2. On soils cropped the preceding season to nitrogen depleting 
species, moderate rates of nitrogen fertilizer applied at planting time 
can be expected to increase yield without significantly affecting grain 
protein levels; equivalent applications of nitrogen made at or after 
flowering have been shown to increase grain protein levels without 
influencing yield. 
3. Time of seeding affects malting quality of barley, with later 
planting dates favoring increased grain protein levels and reduced yields. 
4. Summer fallow provides conditions favorable to release of 
large amounts of available nitrogen. Barley grown on soils fallowed 
the preceding season is usually of high protein content. Even moderate 
amounts of fertilizer nitrogen applied to such soils can be expected to 
further increase grain protein levels. 
5. With other factors equal, soils high in organic matter content 
can be expected to produce barley of higher protein content. 
6. Adequate moisture supply favors production of high yields and 
reduction in grain protein levels. 
7. On soils previously cropped to nitrogen-depleting species, it 
would appear that up to 40 lbs. /A. of fertilizer nitrogen can be applied 
at seeding time without inducing significant unfavorable effects upon 
grain protein levels. Under such conditions, this level of nitrogen use 
can be expected to produce substantial yield increases. 
8. Barley varieties grown under identical cultural and environmental 
conditions can vary markedly in yield and protein content. Lower grain 
protein levels are frequently associated with the higher yielding varieties. 
9. Varieties may differ in their yield and protein level responses 
to application of fertilizer nitrogen. 
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PROFIT POSSIBILITY PLOTS ON CORN - 1962 
C. J. Over dahl 
Extension Specialist in Soils 
We know what is considered a good yield of corn. We are much less 
familiar with profits per acre and costs both per acre and per bushel that 
help decide the profits. The past two years fertilizer demonstration pro-
grams in Extension have been geared to looking at these cost and profit 
relationships. 
There have been over 100 plots harvested. It is not implied that 
all fields in the area of these plot sites would show the same benefits. 
They are not all the most successful plots from the economic standpoint, 
but were selected as examples to demonstrate profits and costs per bushel 
in relation to yields and yield increases under varying circumstances. A 
summary including a detailed economic analysis of all the 1962 plots in 
cooperation with Dr. J. L. App, Extension Farm Management specialist, 
will be made available later. 
Production costs per acre other than fertilizer for tables that fol-
low are estimates taken from averages of a large number of farms in 
the Extra Profit Corn Contest. Corn was valued at $1 /bu. Fertilizer 
treatments are expressed as total plant nutrients per acre. These nu-
trients were supplied in tables 1 through 7 by applying fertilizer as fol-
lows: 
1. 0+ 0+ 0 
2. 10 + 40 + 40 
3. 80 + 40 + 40 
4. 80 + 0 + 40 
5. 80+40+ 0 
6. 80 + 80 + 40 
7. 80 + 40 + 80 
8. 8 0 + 40 + 12 0 
9. 10 + 40 + 12 0 
200# per acre of 5-20-20 in row 
200# per acre of 5-20-20 in row plus 70 
pounds of nitrogen 
200# of a 5-0-20 (special mix) in row 
plus 70 pounds nitrogen 
11 0# of 9-36-0 in row plus 70# of nitrogen 
200# of 5-20-20 in row plus 90# per acre 
of 0-45-0 best, plus 70# of nitrogen 
110# of 9-36-0 in row, plus 133# of 0-0-60 
best, plus 70# of nitrogen 
200# of 5-20-20 in row, plus 133# of 
0-0-60 best, plus 70# of nitrogen 
200# 5-20-20 in row, plus 133# of 0-0-60 
best 
Table l. Jackson County, Rademacher farm, Lakefield, Minnesota. 
Acres to Bu. to Net profit 
Treatment Yield Cost/bu. net $1000 net $1000 per acre 
l. 0 + 0 + 0 68 .66 43 2924 $ 23.00 
2. l 0 + 40 + 40 l 02 .51 20 2040 49.70 
3. 80 + 40 + 40 107 . 57 45.60 
4. 80 + 0 + 40 95 .70 37.60 
5. 80 + 40 + 0 85 .60 25.50 
6. 80 + 80>:q. 40 106 . 62 40.60 
* 40# in row + 40# broadcast 
Cost per acre other than fertilizer estimated at $45. 
Soil test*>:< pH OM% p K Texture 
7.7 4.8M 22 high 150 medium Clay loam 
Table 2. Nobles County, Lenz Brothers farm, Ellsworth, Minnesota. 
Treatment Yield Cost/bu. 
l. 0 + 0 + 0 105 .43 
2. l 0 + 40 + 40 115 . 46 
3. 80 + 40 + 40 142 . 43 
4. 80 + 0 + 40 134 . 43 
5. 80 + 40 + 0 140 .43 
6. 80 + 8 O>:q. 40 137 .48 
>:< 40# in row + 40# broadcast 
Cost per acre other than fertilizer 
Soil test>:<>:< pH 
7.4 
OM% 
5.5M 
Acres to 
net $1000 
17 
12 
12 
estimated at $45. 
K 
3oo vhigh 
Bu. to 
net $1000 
1785 
1680 
1680 
Texture 
silty clay loam 
>:<>:< Soil test determinations made by Dr. J. Grava)assistant professor of soils. 
Net profit 
per acre 
$ 60.00 
62.70 
80.60 
76.60 
80.60 
71.60 
Net profit 
from fert. 
---------
$ 26.70 
22.60 
14.60 
2.50 
17.60 
Net profit 
from fert. 
---------
$ 2.70 
20.60 
16.60 
20.60 
11.60 
Past crop 
corn 
,_. 
U1 
Table 3. Chippewa County, Munson farm, Montevideo, Minnesota. 
l. 
2. 
3. 
4. 
5. 
6. 
Treatment Yield Cost/bu. 
0 + 0 + 0 75 .60 
10 + 40 +40 91 . 57 
80 + 40 + 40 97 .63 
80 + 0 +40 85 .67 
80 + 40 + 
-'-
0 93 .64 
80 + 80..,.+ 40 87 .75 
>'r: 40# P2 05 broadcast + 40# P 2 o5 row 
Acres to 
net $1000 
33 
26 
Cost per acre other than fertilizer estimated at $45. 
pH 
n 
OMo/o 
6 medium 
p 
15 medfum 
Bu. to 
net $1000 
2475 
2316 
Net profit 
per acre 
$ 30.00 
38.70 
35.60 
27.60 
33.60 
21. 60 
Texture 
silty clay loam 
Table 4. Blue Earth County, Van Sickle farm, Garden City, Minnesota. 
Acres to 
Treatment Yield Cost/bu. net $1000 
l. 0 + 0 + p 86 .52 24 
2. 10 + 40 + 40 100 . 52 
3._80 + 40 + 40 115 .53 
4. 80 + 0 + 40 105 .54 
5. 80 + 40 + 
-'-
0 101 .59 
6. 80 + 80'"+ 40 121 .54 18 
>'r: 40# in row and 40# broadcast 
Cost per acre other than fertilizer estimated at $45. 
pH 
b.s 
OMo/o 
5 high 
p 
4 v:ery low 
K 
90low 
Bu. to 
net $1000 
2098 
2178 
Texture 
silt loam 
Net profit 
per acre 
$ 41. 00 
48.70 
53.60 
47.60 
41.60 
55.60 
Past crop 
soybeans 
Net profit 
from fert. 
$ 8.70 
5.60 
2.40 
3.60 
-8.40 
Past crop 
small grain 
Net profit 
from fert. 
$ 
7.70 
12.60 
6.60 
.60 
14.60 
Table 5. LeSueur County-, Traxler farm, Le Center, Minnesota. 
Acres to Bu. to 
Treatment Yield Cost/bu. net $1000 net $1000 
1. 0 + 0 + 0 81 .61 32 2592 
2. 10 + 40 + 40 90 .64 
3. 80 + 40 + 40 108 . 61 24 2592 
4. 80 + 0 + 40 102 . 61 
5. 80 + 40 + 0 105 . 61 
_,_ 
.66 7. 80 + 40 + 80"',,_ 103 
8. 80 + 40 + 120"' 111 .63 
* 80# broadcast, 120# has 40# in row 
Cost per acre other than fertilizer estimated at $50 per acre. 
pH 
6.4 
OM% 
4. 8 high 
p 
12 medium 
K 
145 medium 
Texture 
silt loam 
Table 6. Freeborn County, Jenson farm, Ellendale, Minnesota. 
Treatment 
l. 0 + 0 + 0 
2. 10 + 40 + 40 
3. 80 + 40 + 40 
4. 80 + 0 + 40 
5. 80 + 40 + 0_,, 
7. 8 0 + 40 + 8 0 -~ 
8. 80 + 40 + 120* 
9. 10 + 40 + 120>}: 
Yield 
21 
61 
61 
46 
42 
59. 
76 
76 
Cost/bu. 
2.14 
.86 
l. 06 
l. 25 
l. 41 
l. 07 
.86 
.74 
* 80# broadcast, 120# has 40# in row 
Acres to 
net $1000 
115 
51 
Bu. to 
net $1000 
7015 
3876 
Cost per acre other than fertilizer estimated at $50 per acre 
Net profit Net profit 
per acre from fert. 
$ 31. 00 $ 
32.70 l. 70 
41.60 10.60 
39.60 8.60 
40.60 9.60 
34.60 3.60 
40.60 9.60 
Past crop 
wheat 
Net Profit 
per acre 
$-24. 00 
8.70 
- 0.40 
-11.40 
-17.40 
- 4.40 
+10.60 
19.70 
Net profit 
from fert. 
$+32.70 
23.60 
12.60 
6.60 
19.60 
34.60 
43.70 
pH 
~7 
OMo/o 
8. 5+ H 
p 
5 low 
K 
60low 
Texture 
border line peat 
Past crop 
oats 
Table 7. Wabasha County, Radke farm, Elgin, Minnesota. 
1. 
2. 
3. 
4. 
5. 
7. 
8. 
Acres to 
Treatment Yield Cost/bu. net $1000 
0 + 0 + 0 107 .47 U3 
10 + 40 + 40 115 .50 
80 + 40 + 40 139 .48 
80 + 0 + 40 126 .50 
80 + 40 + 0 144 .45 13 
_,_ 
. 48 80 + 40 + 80'" 143 
80 + 40 + 120>!< 151 .47 12 
>l: 80# broadcast, 12 0# has 40# in row 
Cost other than fertilizer estimated at $50 per acre. 
pH 
7.0 
OMo/o 
4.4 medium 
p 
135 v :-high 
K 
6oo +v. high 
Bu. to Net profit Net profit 
net $1000 per acre from fert. 
1926 
1872 
1812 
$ 57.00 
---------
Texture 
silt loam 
57.70 $ .70 
72.60 15.60 
63.60 6.60 
79.60 22.60 
74.60 17.60 
80.60 23.60 
Past crop 
grass pasture 
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Fertilizer Cost (Treatment) 
1. 0 
2. 7. 30 
3. 16.40 
4. 12.40 
5. 14.40 
6. 20.40 
7. 18. 40 
8. 20.40 
9. 11.30 
11. 6.75 
12. 9. 90 
13. 14.90 
14. 13.40 
15. 16. 40 
16. 17.90 
17. 11.90 
lG. 14.90 
To determine the individual effects of nitrogen, phosphorus and potas-
sium in tables 1 through .7, compare treatments as follows: 
Benefits from Yield differences of: 
80# of nitrogen 3 minus 2 
40# of phosphate in row 3 minus 4 
40# row and 40# broadcast 6 minus 4 
40# of potash in row 3 minus 5 
80# of potash broadcast 7 minus 5 
120# of potash (40# row + 80# best) 8 minus 5 
In 1962 few fertilizer plots on corn were established in the somewhat 
sandy textured soils land north of the Twin Cities. Results, however, from 
the 1961 plots tell an interesting story on fertilizer profits. The following 
table shows the average yields and profits from 9 farms in this area. 
Table 8. Yields, costs and profit relationships to fertilizer treatments on 
sandy textured soils of East Central Minnesota 1961 
Acres to Bu. to Net profit 
Treatment Yield Cost/bu. net $1000 net $1000 per acre 
1. 0 + 0 + 0 54 .65 52 2808 $ 19.00 
ll. 15+30+30 63 .66 21.25 
12. 40 + 30 + 30 78 .57 33.30 
13. 80 + 30 + 30 85 .58 35.30 
14. 80 + 30 + 0 80 .60 31.60 
15. 80 + 30 + 60>!< 83 .62 31.60 
16. 80 + 30 + 90>!< 90 .59 27 2430 37.10 
17. 80 + 0 + 30 83 .57 36. 10 
18. 80 + 0 + 90>!< 84 . 59 34.10 
':'indicates 60# of K2 0 best, 90# treatment has 30# K2 0 in the row. 
Costs other than fertilizer estimated at $35 per acre. 
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All soi'ls tested high or very high in phosphorus and low or medium in 
potassium. 
The average yield increase per acre from individual nutrients were as 
follows: 
Nitrogen 
40#/A. =15bu. 
80#/A. = 22 bu. 
Phosphate 
30#/ A. in the row 
= 4 bu. ):o:~ 
Potash 
30#/ A. row = 5 bu. 
60#/ A. best = 3 bu. 
90# (60# best+ 30# 
row) = 8 bu. 
** There was an average of 6 bu. increase from phosphorus when used with 
high rates of potassium, and little if any increase with 0 and 30 pounds of K2 0. 
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SPRING SOIL TEMPERATURE CRITICAL FOR CORN 
Lowell Hanson 
Extension Specialist in Soils 
A number of observations and research results recently point up the 
fact that soil temperature markedly affects early corn growth. 
The ''purple corn fields'' situation that developed last June is a case 
in point. Soils agent Orville Gunderson at Montevideo and a number of 
county agents reported that a number of corn fields which were in diverted 
acres kept fallow in 1961 were looking quite ''sick. 11 Growth was slower, 
stand poorer and the color was light or purplish compared to areas in the 
same field which had been cropped the year before. These differences 
occurred in spite of adequate fertilization. 
Merle Halverson, soils specialist, has suggested that the difference 
was due to a cooler soil temperature on the fields in fallow the previous 
year. This temperature difference could easily result from the fact that 
the fallow field went into the spring with more stored water and therefore 
warmed up more slowly. Differences were less noticeable later in the 
summer but yield depressions did occurr. 
ARS scientists working at Ames and Morris have been studying the 
effect of temperature on early corn growth. It has been found that as 
little as one degree difference in temperature can cause a 2 0 to 25 percent 
difference in early growth. 
Tillage and mulch treatments can affect this temperature. Crop 
residue cover, compact, wet soil and planting in a packed wheel track 
all tend to lower soil temperature in the seed zone. 
- 22 -
HIGH CORN YIELDS IN 1962 
Lowell Hanson 
Extension Specialist in Soils 
Although a number of Minnesota counties had lower than normal 
corn yields - in other counties yields were higher than ever. Disap-
pointing yields usually were the res.ult of late planting and wet fields. 
A good example of the effects that proper corn fertilization and 
management can have, when weather was right, the following table 
lists results from all of the entries from Faribault County. The only 
selections there are in this group of farmers is that they planned a 
corn production program. When this many farmers can average 
136 bushels per acre, there is still a lot of potential in reducing 
corn production costs in southern Minnesota. 
Fertilizer on Extra Profit 
Check Extra Yield Yield on on 
Name Yield Plot Fertilized Plot Fertilized Plot 
G. Koehler 101 10+20+20 129 $ 19.00 
Charles Hugren 94 64 + 60 + 60 145 26.03 
D. Evenson 93 70 + 40 + 20 130 17.35 
D. Dezell 50 8+30+15 54 -1.40 
A. Johnson 36 88 + 36 + 72 146 74.86 
E. Wegenast 21 240 + 70 + 60 141 59.40 
Bill Manske 130 114 + 14 + 14 156 3. 18 
M. Durkee 129 46 + 48 + 24 157 11.82 
B. Dezell 100 ($11. 00) 160 41.00 
A. Anderson 150 97+107+107 161 
-19.31 
G. Cor oman 105 68+30+15 164 37.56 
T. Carr 97 38 + 48 + 48 145 27.91 
G. Dezell 118 28 + 37 + 1.9 142 11.43 
D. Hassing 83 49 + 35 + 18 119 .19.83 
A. Stolock. 122 50 + 38 + 38 131 
-4.55 
o. Meyer 60 116 + 42 + 87 99 8.30 
A. Stolock 124 90 + 40 + 40 138 
-----
G. Boch 116 78 + 48 + 48 126 
-8.84 
B. Stevemer 122 58+30+15 132 
-3.60 
D. Stevemer 101 40 + 60 + 30 154 31.67 
M. Strigland 123 68 + 33 + .33 140 .66 
Average 91 136 $ 20.40 
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SUMMARY OF 1962 MINNESOTA WEATHER AND SOIL MOISTURE SURVEY 
Donald G. Baker 
Dept. of Soils, Univ. of Minnesota 
The 1962 Growing Season Weather 
The growing season weather proved to be generally unsatisfactory ex-
cept for hay and pastures. The exceptionally great precipitation of May, in 
some places amounting to more than 200o/o of normal, while of doubtful bene-
fit to the water resources of the state greatly delayed planting and adverse-
ly affected small grains. In July and August, critical months for the growth 
and maturation of corn, precipitation remained high. Although in some areas 
of coarse textured or 11 droughty" soils the excessive precipitation was bene-
ficial. By the end of the season alma st all areas, except per haps the south-
east, were well above normal. And, as might be expected, air temperatures 
and soil temperatures were lower than normal. 
Of equal or greater importance was the increased claudine s s which 
resulted in greatly decreased sunshine. 
In addition to the excessive precipitation, greatly reduced sunshine 
and lower air and soil temperatures, there was an early and severe cold 
wave which eros sed Minnesota in the third week of September. The low-
est temperature recorded was l 70 F. at Cotton in St. Louis County. This 
cold wave effectively terminated the season in many areas. Although nlin-
imum temperatures of around 32° F. are to be expected in September, 
temperatures in the 20s are not. This severe cold wave occurred about 
three to four weeks earlier than normal in the south and one to two weeks 
earlier in the north. 
Soil Moisture Survey 
The generally above normal precipitation during the 1962 season is 
reflected in the survey results (table l ). Perhaps the most important 
feature of table l is that all stations, where a comparison was possible, 
have greater soil moisture reserves this fall than last fall. It is inter-
esting to note that the crops apparently use about 2 0-2.5 inches of water. 
The Polk County, Crookston, soil moisture data indicate that water 
use by the crops in decreasing order are alfalfa, soybeans and sugar beets. 
However, a major portion of the difference is believed to be due to the dif-
ference in sampling dates, and that the real difference among the three 
crops is far less than indicated. 
Table l. 1962 soil moisture survey 
Increase {+)or 
o/o of decrease {-) in 
County & Available maximum water content of 
nearby Sampling water available Water use Fall 1962 over 
town Soil Crop dates present1 water by crop2 Fall 1961. 
Chippewa Rothsay Corn May l 7. 4 in. 54. Oo/o Not sampled 
Milan si. l. Nov. 8 8.2 59.9 2l.85in. in 1961 
Chippewa Aastad Corn April 2 7 12.1 92.4 Not sampled 
Montevideo si. c. l. Nov. 12 9.3 71.0 24.36 in 1961 
Dodge Kasson Alfalfa April 20 8.0 76.9 
Dodge Center si. l. Sept. 24 5.1 49.0 22.23 +2.5 in. 
Lac qui Parle Aastad Corn April 2 7 9.5 59.7 Not sampled N 
Bellingham si. c. l. Nov. 9 ll. 5 72.3 20.60 in 1961 ..J::.. 
Lac qui Parle Rothsay Flax May l 6.3 48.1 Not sampled 
Marietta si. l Nov. 9 8.3 63.3 24.00 in 1961 
Lyon Rothsay Corn April 30 8.1 86.2 Not sampled 
Minneota si. l. Oct. 31 6.8 72.3 23.99 in 1961 
Mille Lacs Mora Hay May 21 11. 0 114.6 
Milaca si. l. Sept. 25 8.3 86.5 21.94 + 5. 2 in. 
Polk Hegne Alfalfa May 7 8.4 49.4 
Crookston si. c. Oct. 31 5.1 30.0 22.61 + 2. 1 ln. 
Polk Fargo Soybeans April 25 7.9 46.5 
Crookston si. c. Oct. 31 8.1 47.6 19.54 +0.8in. 
Polk Fargo Sugar beets June 1 ll. 5 67.6 Not sampled 
Crookston si. c. Nov. 2 6.6 38.8 18.68 in 1961 
Table l. Continued 
Increase +) or 
o/o of decrease (-) in 
County & Available maximum water content of 
nearby Sampling water available Water use Fall 1962 over 
town Soil Crop dates presentl water by crop2 Fall 1961. 
Ramsey Waukegan Soybeans May 25 8.7 103.6 
St. Paul si. l. Dec. l 10.1 120.2 21.21 + 5.9 in. 
Redwood Nicollet Corn April 30 8.3 58.0 Not sampled 
Belview c. l. Oct. 26 6.7 46.8 24.34 in 1961 
Redwood Webster Corn May l 8.7 85.3 
Lamberton si. c. l. Oct.· 31 7.3 71.6 23.09 + l. 2 in. 
Sibley Nicollet Corn May 3 9.2 78.6 
Gaylord c. l. Oct. 31 9.2 78.6 22.01 + 0. 7 in. 
Wabasha Fayette Corn May 31 10.4 67.5 
Kellogg si. l. Sept. 26 ll. 5 74.7 25.19 + 4. 0 1n. 
Watonwan Nicollet Corn May 28 12.7 91.4 
Butterfield c. l. Oct. 25 8.8 63.3 22.28 + 3. 3 1n. 
Soil moisture samples obtained through courtesy of E. C. Dragemuller, A. N. Fischer, W. M. Kalton, P. N. 
Kennedy, G. F. Sickeler, Soil Conservation Service, USDA; W. W. Nelson, S. W. Expt. Sta.; 0. C. Soine, 
N. W. Expt. Sta.; 0. Gunderson, L. Hanson, G. Holcomb, Minn. Agric. Ext. Service. 
l Plant available water in a five foot column of soil. 
2Based upon difference between first and last soil samplings plus precipitation. No attempt has been made to 
account for water runoff or percolation through the soil. 
N 
U'1 
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Soils and Fertilizer Short Course 
December l 0, 1962 
FIELD EXPERIMENTS WITH ZINC ON CORN 
Orville Gunder son and John MacGregor 
Minnesota soils could be considered to be about average in their zinc content 
in comparison with other soils of the United States. However, as the natuTal 
lime content of the soil increases, crop plants generally find it increasingly 
difficult to take up sufficient zinc for normal growth, and this problem is nat-
urally more serious in the relatively short lived, high production plants such 
as corn. 
Zinc deficiencies of corn have been observed for some years on the high lime 
soils of many of the western states, expecially under irrigation which tends 
to induce such micro element deficiencies. Zinc deficiency is especially 
noticeable under irrigation agriculture because of the associated land form-
ing that exposes subsoil layers and perhaps because of the use of high analysis 
fertilizers in greater quantity, although nitrogen fertilizer placed near the 
seed has frequently resulted in normal plant growth·. The nitrogen effect has 
two possible pathways. When nitrogen is placed with zinc or alongside in the 
soil, the supply of native zinc is enhanced due to the acidic residue of the nit-
rogen fertilizer. Ammonium sulfate is especially noteworthy in this regard. 
The increased effectiveness of band applied ZnSo4 when mixed with a small 
amount of nitrogen could be due to the above mechanism but could also be due 
to some other mechanism that diminishes the toxicity of the high zinc concen-
trations of the bands. 
Zinc deficiency of corn was first reported from Central Minnesota during the 
1961 growing season and limited field studies were made at that time. The 
deficiency on corn is characterized by initial stunting, followed by the later 
development of a longitudinal striping of the leaves, with the veins remain-
ing green and the interveinal tis sue yellowing, and in serious cases, dying. 
The younger leaves may be almost white. Corn growing on high lime peat 
or mineral soil may be affected, especially on those soils more recently 
drained. 
The 1962 field experiments now reported consisted of trials on a recently 
pumped calcareous clay loam on the Litch farm north and west of Lake 
Lillian (Kandiyohi County), a slightly higher lying clay loam on the Larson 
farm two to three miles further to the north, and a pumped area of peat soil 
a mile south of Lake Koronis, on the Behr farm in western Meeker County. 
Each field was spring plowed shortly after the plowdown zinc sulfate treat-
ments were broadcast. A two row tractor attached corn planter, with fertil-
izer band placement equipment especially built by the Morris ARS Station, 
was used to plant the corn and to apply the banded zinc and nitrogen about 
an inch to the side and below the seed. A third type of treatment consisted 
of coating the corn seed with a zinc chelate (Na2Zn chelate) at the rate of 8 
ounces per bushel. Phosphorus and potassium fertilizers were broadcast 
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before plowing to supply 100 pounds of phosphate per acre and 50 pounds of 
potash. Urea nitrogen at the rate of 100 pounds of nitrogen per acre was 
broadbast in early June. The two mineral soil fields were seeded in mid-
May wh~reas planting on the colder peat soil was delayed until June 5th. 
Herbicides were used to control weed growth. Plant populations approxi-
mated 18, 000 plants per acre. 
The no-zinc corn on the Litchfield and on the Behr peat was more seriously 
affected by zinc deficiency whereas the Larson field showed less vegetative 
effect during the growing season. The Litch corn showed some stunting, 
but no distinct leaf symptoms, until J~ly lOtl;l, 11th, and 12th, when severe 
leaf striping developed very rapidly. Since the peat soil of the Behr field 
was planted late, leaf st':dping commenced relatively late in July. An early 
frost on the morning of September 5th killed the corn leaves on the low lying 
peat field, but the ears filled to some degree after this damage and all three 
fields were harvest sampled in mid-October. 
Results 
The broadcasting of fertilizer at the rate of 100-100-50 over the three entire 
experimental areas should have insured an ample supply of the three major 
nutrients, and plant populations of 18, 000 per acre in addition to ample rain-
fall should have allowed for maximum zinc effect. The wet corn on the early 
frosted peat field lowered yield averages substantially, the no-zinc treatments 
averaging only 4 7 bushels of ear corn per acre. Where zinc as zinc sulfate 
(about 30% zinc) was plowed under at rates of 5, 10, 20 or 40 pounds per acre, 
the average yield increases varied from 13 to 15 bushels per acre, with the 
10 pound zinc treatment increasing yields very well. 
Bandi·ng ammonium nitrate at the rate of 20 pounds of nitrogen per acre (no 
zinc) about two inches to the side and below the seed showed an average yield 
increase of some 10 bushels per acre. This effect has usually been observed 
by other investigators and the increase has been attributed to the nitrogen 
stimulation of the plants to the greater extraction of native zinc from the soil. 
Banding both nitrogen and the zinc as the sulfate at the rate of 10 pounds of 
zinc per acre increased average corn yields only about eight bushels per acre. 
Banding both 2 0 pounds of nitrogen (as NH4N0 3 ) and zinc sulfate at rates of 
5, 10, or 20 pounds of zinc per acre produced an average of 8 to 13 bushel 
increase. 
Zinc chelate treated seed was only slightly effective for increasing corn 
yield, possibly because of the limited amoun.t of the zinc chelate adhering to 
the seed. Since only one year's results are available, no definite conclusions 
can be made on optimum rate and placement of the zinc. However, it appears 
that the heavier rates were not beneficial and may be somewhat detrimental. 
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Conclusions 
Although much more research is essential, it appears that plowing down 
zinc sulfate at a cost of two or three dollars per acre may be practically 
effective. Further research may show that granulation of either zinc 
sulfate or of an effective low cost zinc chelate in the fertilizer manufac-
turing process and either plowing such materials under or banding near 
the seed could be done ar relatively low cost, and may supply sufficient 
zinc for maximum corn production. 
The application of zinc to soil is not recommended unless there is a known 
need fo1· the inclusion of this element with the fertilizer treatment. 
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RECOMMENDED CROP VARIETIES FOR 1963 
Harley J. Otto 
Extension Agronomist 
More complete information on varieties ''recommended," 
"not adequately tested" and "other varieties" can be found in 
Miscellaneous Report 24, "Varietal Trials of Farm Crops." 
New varieties on the recommended list for 1963 are: Larker and 
Trophy barley, Justin hard red spring wheat, Marine 62 and Windom 
Flax, Portage oats, Climax timothy and Turghai, Empire and White 
Wonder millet. Descriptions of these varieties are given below. 
Larker and Trophy barley were developed at the North Dakota Ag-
ricultural Experiment Station. They resulted from a cross of Traill 
and a white kerneled selection of U. M. 570. The awns of Trophy are rough 
while those of Larker are semi-smooth. Both of these varieties are super-
ior to Kindred in standing ability. Larker is superior to Trophy in kernel 
plumpness and both are superior to Kindred and Traill in this respect. 
In four years of tests conducted by the Minnesota Agricultural Experiment 
Station, Larker has tended to yield slightly more than Traill while Trophy 
has yielded slightly less. 
Larker and Trophy have been classified as acceptable to the malting 
and brewing industries based on tests conducted so far. Because of pos-
si.ble differences in malting procedures, these varieties must be marketed 
separately. They must not be mixed with Kindred and Traill. 
Justin is an awnless, hard red spring wheat variety developed by 
the North Dako.ta Agricultural Experiment Station. It is superior to 
Selkirk in resistance to leaf rust, certain races of stem rust and in some 
milling and baking characteristics. It is about 2 days later in maturity 
than Selkirk and is of medium height with stiff straw. 
In three years of Minnesota tests, Justin has yielded slightly less 
than Selkirk. 
Portage oats was developed by the Wisconsin Experiment Station 
and released in 1960. It is medium in maturity, has good test weight, is 
resistant to smut and to most prevalent races of stem rust and has good 
field tolerance to leaf rust. Portage is a rather tall oat and does not have 
as good resistance to lodging as the shorter varieties such as Minhafer and 
Goodfield. This variety has given good yield performance compared to 
other varieties of similar maturity. 
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Marine 62 and Windom flax varieties were released by the Minnesota 
Agricultural Experiment Station and the United States Department of Agri-
culture in 1962. Marine··62 is similar to Marine in most respects except 
for oil content, which has been about 0. 6 percent higher in Minnesota tests. 
This variety is early in maturity, is moderately resistant to wilt and pasmo 
and is immune to rust. The plants produce blue flowers and brown seeds. 
Marine .. 62 has equaled Marine in yield in Minnesota tests. 
Windom is an early-maturing variety which has produced high seed 
yield whether sown early or late. Usually, early-maturing varieties will 
not produce as well as late -maturing varieties if planted early. Thus, the 
variety Windom is the exception to the rule. 
This variety is immune to rust, resi~tant to wilt and moderately sus-
ceptible to pasmo. The oil content is less than that of other recommended 
varieties, but is considered satisfactory. The oil quality is excellent. 
Windorn produces blue flowers and small brown seeds. 
Climax timothy was selected and released by Experimental Farms 
Service, Ottawa, Ontario. It is a tall, fine stemmed, leafy variety which 
is 7-10 days later in maturity than common timothy. It may, thus, be 
better adapted to use in alfalfa-grass mixtures than common timothy. 
Climax has produced the hiGhest forage yields of any timothy variety in 
Minnesota tests and is an excellent seed producer. 
Turghai is a red-seeded variety of proso millet. This crop is used 
for bird and livestock feed. For livestock, its feeding value is approxi-
mately equal to oats. 
Three sources of certified seed have been tested in Minnesota. Of 
these, the Nebraska source has given best performance. This source 
will be increased under the Minnesota Seed Certification program. To 
be sure of obtaining seed from this superior source, it will be necessary 
to buy certified seed. 
Empire and White Wonder are foxtail millet varieties. Foxtail 
millet is usually grown for hay or silag.e, but some seed is used in bird 
feeds. Empire and White Wonder are later in maturity, taller and pro·-
duce more forage than other varieties tested in Minnesota. 
Varieties Removed From Recommended List 
Three varieties, Lee wheat, Minton oats and Marine flax were re-
moved from the recommended list. 
Lee wheat is susceptible to race 15B of stem rust and has not yielded 
ao well as other reco1nmcn.cled varieties·. Minton oats has lower test 
weight and docs not stand as well as 'other varieties of similar maturity. 
Marine flax has been replaced with Marine ·62, a similar variety with high-
er oil content. 
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Finally the varieties, Warrior, Rodeo and Omaha winter wheat, 
Glen and Clintland 60 oats and Cree flax were moved from "not ade-
quately tested" to "other varieties'' category. 
Warrior, ·Rodeo and Omaha winter wheat are not as winter hardy 
as Minter and are susceptible to leaf and stem rusts. Glen and Clint-
land 60 have not performed quite as well as other varieties in their re-
spective maturity groups. 
Cree flax was developed in Canada, It is immune to rust; moder-
ately resistant to wilt; moderately susceptible to pasmo; has good oil 
content and good oil quality. It is brown-seeded, blue-flowered, mid-
late in maturity. It produces good seed yields when sown in northwestern 
Minnesota but has been inferior in yield in other parts of the state. 
Certified Seed Assures Varietal Purity And Seed Quality 
The recommended varieties have clearly demonstrated superior 
performance compared to other varieties tested. If a farmer is to ob-
tain the benefits incorporated into these varieties, he must plant seed 
of known varietal purity. This assurance is best obtained by planting 
certified seed. Certified seed is no more than three generations re-
moved from foundation seed maintained by the University of Minnesota 
and known to be pure for variety. Production and processing of certi-
fied seed are supervised by the Minnesota Crop Improvement Association 
through field and laboratory inspections. 
In addition to varietal purity, certified seed must meet high stan-
dards for freedom from weeds, other crop seeds and inert material and 
must be high in germination. Within certified seed a tolerance for these 
factors is allowed. For example, the minimum germination allowed in 
small grains is 85 percent. Individual lots may have considerably higher 
germination. Thus some certified seed is better than others. It is, 
therefore, wise to study the analysis tag for this information. 
Seed cost represents only a small fraction of the total cost of pro-
ducing an acre of a given crop. A crop producer cannot afford to take 
a chance on planting poor seed. It is wise policy to plant certified seed 
purchased from a reliable seedsman. 
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Complete List of Recommended Varieties 
A complete list of the varieties recommended for planting _in 1963 
follows: 
Barley: 
Oats: 
Rye: 
Wheat: 
Flax: 
Soybeans: 
Sunflowers: 
Field Peas: 
Navy Beans: 
Millet: 
Alfalfa: 
Birdsfoot Trefoil: 
Red Clover: 
Sweet Clover: 
Bromegrass: 
Kentucky Bluegrass; 
Sudangras s: 
Timothy: 
Larker, Kindred ( L}, Parkland (for 
northwest counties), Traill, Trophy 
Ajax, Andrew, Burnett, Garry, Good-
field, Minhafer ,·Portage, Rodney. 
Adams, Caribou, Elk 
Hard ReQ. Spring: Justin, Pembina; 
Selkirk 
Durum: Lakota, .Langdon, Wells 
Hard Red Winter: Minter 
Arny, B512i3, Bolley, Marine .. 62, Red,-
wood, Windom 
Acme, Chippewa, Comet, Flambeau, 
Grant, Harosoy, Lindarin, Merit, 
Nor chief, Ottawa, Mandarin 
Arrowhead 
Chancellor, StrRl 
Michelite, Sanilac 
Pro so, Turghai 
Foxtail: Empire, White Wonder 
Ranger, Vernal 
Empire 
Dollard, Lakeland 
Evergreen, Goldtop, Madrid 
Achenbach, Fischer, Lincoln 
Park. 
Piper 
Climax, Itasca, Lorain 
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SINGLE·-GROSS CORN HYBRIDS FOR COMMERCIAL CORN PRODUCTION? 
Harley J. Otto 
Extension Agronomist 
Several seed corn companies are now selling single-cross hybrids 
for producing commercial corn. 
A comparison of the methods of producing single and double-cross 
corn hybrids is given below. 
Single-Cross 
Inbred Ax Inbred B --- Single-Cross AB 
Double-Cross 
1. Inbred Ax Inbred B --- Single-Cross AB 
2. Inbred C x Inbred D --- Single-Cross CD 
3. Single-Cross AB x Single-Cross CD--- Double-
Cross ABCD 
In single-cross seed production, two inbred lines are used as the 
parents. In producing double-crosses 1 two single-crosses are used as 
parents. Since inbred lines are considerably less vigorous than single-
eros ses, they produce low seed yields. The cost of producing single-
cross hybrid seed is much higher than that of double-cross hybrid seed. 
Thus higher prices must be charged for the single-cross hybrid seed. 
How much more is the single-eros s hybrid seed worth? Under a 
given set of conditions, the best single -eros s hybrids will produce 5-0 
percent more than the best double-crosses. This would mean 4-6 
bushels per acre more at the 80 bushel per acre yield level. There 
are variations in performance of single-crosses just as there are in 
double-crosses. A good double-cross will perform better than a medio-
cre or poor single-cross. 
Single-eros s hybrids are more uniform than double -eros s hybrids. 
Uniformity is a desirable characteristic in some crops 1 such as sweet 
corn. However, for crops such as field corn, extreme uniformity offers 
no particular advantage and may be disadvantageous under some circum-
stances. For example, extreme uniformity will result in a shorter pol-
lination period than in material which is more heterogenous. If hot, 
dry weather prevails during the pollination period it could lead to poor 
seed set. The risks are greater in uniform material. This is not ap-
parent in small-plot yield comparisons. Here, several hybrids are 
grown side by side and if an individual hybrid fails to produce adequate 
pollen, silks will be fertilized by pollen from another hybrid. 
In deciding whether to buy single-cross hybrids, farmers must 
consider the higher seed cost and extra risks against a possible 5-8 
percent yield advantage. 
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ALFALFA SEED SUPPLIES FOR 1963 
Harley J. Otto 
Extension Agronomist 
Alfalfa seed production was estimated by the U. S. Department of 
Agriculture in October at 121, 059, 000 pounds, 4 percent below last year 1 s 
production and 22 percent below the 1951-60 average. Carryover of old 
crop alfalfa seed is the smallest since 1952. 
The initial supply (production plus carryover) for 1963 planting is 
estimated to be [l percent below that of a year earlier and the smallest 
since 1951. 
Some sources close to the alfalfa seed industry feel that the U.S. D. A, 
estimates are high, partially because of adverse weather in the production 
area after the estimates were made. 
The U. S. Department of Agriculture does not make seed supply 
entirn.ates by variety. However, specialists in the alfalfa seed producing 
area have estimated the 1962 production of certified Ranger seed to be 
nome 5, 000, 000 pounds below 1961. 
Certified Vernal seed production is estimated at 2, 000, 000 pounds 
above 1961. The outlook for seed supplies of this variety is improving 
because some 175, 000 pounds of foundation seed were purchased for 
1962 seeding. 
The smaller supply of high quality seed of varieties adapted to 
this area will probably mean higher seed prices. To assure having 
seed of the proven adapted varieties, it will be wise to purchase the 
need early. 
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CHEMICALS FOR WEED CONTROL IN 1963 
Harley J. Otto 
Extension Agronomist 
More information on weed control in field crops can be found 
in Extension Folder 212, ''Cultural and Chemical Weed Control in 
Field Crops. 11 
The University of Minnesota Agricultural Experiment Station continues 
to evaluate promising new chemicals developed by chemical manufacturing 
companies. Each year those new chemicals which are available and are 
promising are compared with the older ones to determine their relative ef-
fectiveness for controlling weeds in specific crops. 
The chemicals which give the best performance in research tests are 
included in county demonstrations. In 1962, weed control re suits were ob-
tained on some 35 demonstration trials in corn and 50 replications and/or 
locations in soybeans. Re suits from these trials are given in tables 1 -4. 
Time of Application 
The time of application of chemicals can be grouped into 4 classes: 
1. pre-plowing -- chemical applied to soil and/or plant foliage be-
fore plowing. 
2. pre-planting -- chemical applied to soil before crop is planted. 
Usually the chemical is incorporated into the soil by one or more 
tillage operations. 
3. pre-emergence or post planting -- chemical applied to the soil 
after crop is planted but before it comes up. Usually applied at 
planting time. 
4. post-emergence -- chemical applied to crop and weeds after they 
are up. 
5. post-emergence directed spray -- chemical applied to base of 
crop plant and to the weeds. Special devices are used to raise 
the leaves of the crop plant to avoid contact with the chemical. . 
Used only on corn at the present time. 
Since the corn plant is not highly resistant to the chemicals used 
in directed spray applications, care must be used in application 
to avoid crop injury. 
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Many of the chemicals developed in recent years are used in pre -emer-
aence applications. When chemicals are applied at this time, their effective-
ness is quite dependent on soil type, t'ainfall after application and other en-
vironm.ental factors. Hence, they are often less reliable than chemicals ap-
plied after the crop and weeds have emerged. Pre-emergence applications 
do have certain advantages, however. ' 
l . The chemical can be applied at planting, thus saving a trip over the 
field. 
2. Early season competition can be reduced, Research indicates that 
early competition between crop and weeds may be more injurious 
to crop yields than later competition. 
3. The first cultivation can often be delayed. They may allow more 
time for putting up high quality hay on farms with both row cropo 
and hay. 
4. Tl1e num.ber of cultivations may be reduced. 
5. Weeds in the row can be more nearly controlled than where cultiva-
tion is the only means of weed control. 
Pre-emergence herbicides often gave better results on well pre-
pared oeedbeds than on poorly prepared seedbeds. 
Granular vs Spray Form for Herbicides 
Farmers have shown a areat deal of interest in granular herbicides 
during recent years. The advantages and disadvantages of granular herbi-
cides compared to the spray form are given below: 
Advantages: 
1. Granular herbicides are ready to use as they come from the pack-
age. They do not need to be mixed with water. 
2. Operator does not have to haul water during application. 
3. Application equipment is simpler to operate and maintain than 
spray equipment. 
Disadvantages: 
1. Cost per pound of active ingredient is somewhat more for gran-
ular than spray materials. 
2. Use of granular materials is limited to soil applications since 
foliar applications of granules are not effective. Farmers using 
granular materials will usually need both the granular applicator 
and sprayer. 
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3. Granular materials require more storage space per pound of 
active ingredient than spray materials since they usually contain 
a lower percentage of active ingredient. 
4. Presently available granular applicators often give poorer dis-
tribution of the herbicide than sprayers. 
Comparisons of granular and spray materials have been made 
in research and county demonstration trials during the past four 
years. Granular Atrazine has not given as consistently good 
weed control as the wettable powder spray. Conversely, CDAA 
(Randox) and CDAA- T (Randox- T) have given consistently better 
results in the granular than in the liquid form. 
Granular applicators are more likely to apply materials uniform-
ly on smooth seedbeds than on rough seedbeds. The applicator 
must be calibrated to be certain of the amount of chemical being 
applied. Devices are now on the market which aid accurate cal-
ibration. 
Chemicals 
Some of the herbicides being sold in the state are listed below with 
comments about them. Rate of application refers to pounds of active in-
gredient per acre on a broadcast basis. The information given is not 
intended to replace label instructions. The instructions given on the 
label should be followed closely. 
CDAA (Randox): 
1. Use -· annual grass control in corn, soybeans and sorghum. 
2. Rate of Application - 4 pounds per acre. 
3. Time of Application - pre-emergence. 
4. Precautions - very irritating to the skin and eyes. Handle with 
extreme caution. 
CDAA-T (Randox-T): 
1. Use - control of annual grasses and broadleaved weeds in corn. 
2. Rate of Application - approximately 3. 5 pounds CDAA + 7 pounds 
TCBC per acre (4 1/2 quarts liquid or 30 pounds granular product 
per acre). 
3. Time of Application - pre-emergence. 
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4. Precautions -
a. Irritating to skin and eyes. 
b. Avoid use on soybeans. 
c. A few cases of soil residue carryover and damage to soybeans 
following corn have been reported. 
Simazine: 
1. Use - control of grasses and broadleaved weeds in corn. 
2.. Rate of Application - 2.-4 pounds per acre, Heavier rate on finer 
textured soils or soils with high organic matter content. 
3. Time of Application - pre-emergence. 
4. Precaution - residue in soil has damaged susceptiJ::>le crops in 
rotation following corn. 
Atrazine: 
1. Use -
a. Weed control in corn. 
b. Quackgrass control. Experiments in Minnesota and Wisconsin 
have shown Atrazine to be very effective in controlling quack-
grass with a fall or early spring application followed by spring 
plowing. Corn can be planted following treatment. 
2.. Rate of Application -
a. Weed control in corn: 2.-4 pounds per acre. Use higher rate 
on fine textured soils or soils with high organic matter content. 
b. Quackgras s control: 3-4 pounds per acre. 
3. Time of Application for weed control in corn: 
a. Pre-emergence, 
b. Post-emergence - chemical can be applied up to 3 weeks after 
planting. Should be applied before weeds are 1 1 /2. inches tall. 
4. Precaution - susceptible crops have been injured in rotation fol-
lowing corn. 
Injury to susceptible crops following corn treated with Atrazine can 
be minimized by using the lowest rate possible consistent with good 
weed control, using the wettable powder spray form rather than the 
granules, using band applications rather than broadcast applications 
and by thorough tillage of the soil before planting susceptible crops. 
If more than 2 pounds active ingredient in the granular form is ap-
plied, com should be planted 2 years following the application. 
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Ami ben: 
1. Use - control of annual grasses and broadleaved weeds in soybeans. 
2. Rate of Application - 3 pounds per acre. 
3. Time of Application -pre-emergence. 
4. Early stunting of soybeans has been observed under some conditions. 
However, crop usually outgrows injury. 
Linuron (Lorox): 
1. Use - weed control in corn and soybeans. 
2. Rate of Application -
a. Corn for grain - 3 pounds per acre. 
·b. Soybeans for seed - 2 pounds per acre. 
3. Time of Applications -
a. Corn - pre-emergence or directed spray post-emergence when 
corn is 12-18 inches tall and weeds are 8 inches or less in height. 
b. Soybeans -pre-emergence. 
4. Precautions -
a. Caused injury (stand reduction and stunting) to corn and soybeans 
in some Minnesota trials. 
b. Tested widely in Minnesota only one year and suggested fo1· trial 
use only. 
Barban (Carbyne): 
1. Use - control of wild oats in small grains, flax, and sugar beets. 
2. Rate of Application- 4-6 ounces on small grains and flax; 12-16 
ounces on sugar beets. 
3. Time of Application - post-emergence, when the majority of the 
wild oats are in 2 -leaf stage (from the time the second leaf first 
appears until the third leaf first appears) but not later than 14 
days after emergence of the wild oats. Time of application is 
quite critical. 
4. Remarks: 
a. Widely tested under farm conditions in Minnesota and North 
Dakota. 
b. Results were encouraging but in many cases wild oats were 
not adequately controlled. 
c. Flax and small grain injury has been obseiVed in research plots. 
Injury on. flax has been more severe than on small grains. 
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DATC (Avadex): 
l. Use- control of wild oats in barley, flax, and sugar beets. 
2. Rate of Application - l l /4 pounds per acre on barley; l l /2 -
2 pounds per acre on flax and sugar beets. 
3. Time of Application -pre-planting on flax or sugar beets; post-
seeding (pre-emergence) on barley. 
4. Remarks: 
a. Chemical is quite volatile and must be incorporated soon 
after application. Incorporation in pre -planting applications 
can be done with disc, cultivator or harrow to a depth of 2 
inches. In post- seeding applications, chemical should be 
incorporated with two harrowi.ngs at right angles. 
b. More promising than Carbyne for use on flax. 
c. Small grain injury has been observed, particularly with pre-
planting applications. 
d. Do not apply to field in ridged condition. 
e. Causes irrigation of skin and eyes, caution must be used when 
handling this chemical. 
DATC-BW (Avadex-BW): 
l. Use - control of wild oats in spring and durum wheat and barley. 
2. Rate of Application - l pound per acre on wheat; l l /4 pounds 
per acre on barley. 
3. Time of Application - post- seeding (pre·-emergence) for wheat; 
pre ... p1anting or post-seeding for barley (post-seeding is pre-
ferred). 
4. Remarks: 
a. Must be incorporated by two harrowings at right angles for 
post- seeding applications. Pre -planting applications should 
be incorporated as described previously for Avadex. 
b. In post- seeding applications, seed crop to a depth of 2-3 
inches. 
c. Do not apply to a field left in a ridged condition. 
d. Do not plant domestic oats where Avadex-BW was used the 
previous year. 
e. Causes irritation to skin and eyes, caution must be used when 
handling this chemical. 
2, 4-D and MCPA: 
l. Use - broadleaved weed control in corn, small grains, pastures, 
etc. 
2. Time of Application - post·-emergence. The use of 2, 4-D in a 
pre-emergence application on corn not recommended because of 
erratic results and injury to corn. 
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3. Rate of Application - see University of Minnesota bulletin on 
weed control in field crops. 
4-~-4, DB): 
1. Use - control of certain broadleaved weeds in alfalfa, red clover, 
birdsfoot trefoil, alsike clover and ladino clover. It may be ap-
plied to small grains underseeded with these legumes. 
2. Rate of Application (amine formulation) - 1 /2 to 1 1 /2 pounds de-
pending on· susceptibility of weeds to be killed. Follow label in-
structions. 
3. Time of Application - post-emergence when weeds are actively 
growing and annual weeds are less than 3 inches high, when 
seedling, legumes are 2-3 inches tall and, if in small grain, 
when crop is 6-G inches tall. 
4. Remarks - not as effective as MCPA or 2, 4-D on some weeds, 
particularly mustard. 
5. P1·ecaution - do not pasture or harvest crop for feed within 30 
days after application. 
DaJapon: 
1. Use - grass control in flax and sugar beets. 
2. Rate of Application -
a Flax - 3 I 4 pound per acre. 
b, Sugar beets - 3-4 pounds per acre. 
3. Time of Application - when grasses not more than 2 inches tall. 
4. Other use - another use of dalapon which has been tested the last 
two years is in post-emergence directed spray applications in 
corn either alone for grass control or with 2, 4-D for control of 
both grasses and broadleaved weeds. These applications were 
made with special devices to lift the corn leaves, allowing the 
chemical to be sprayed on the lower portions of the corn stem and 
the weeds. They were made when the corn plants were 8 tci 16 
inches and the weeds 4 to 8 inches tall. In most cases, good 
grass control was obtained. It was applied at 1 1/2 pounds and 
equivalent per acre in bands (l /2 pound per acre of corn). The 
grass plants became stunted after spraying and did not die quick-
ly as most broadleaved weeds do after spraying with 2, 4-D. In 
some cases, where the application was not done carefully enough, 
corn injury was observed. 
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As with other post- emergence applications, this method of 
weed control does not eliminate the early season competition 
between the corn and weeds. Research worl~:; indicates, this 
competition may be fairly serious in limiting corn yields. 
The use of dalapon on corn does not have label approval from 
the U. S. Department of Agriculture. It should not be used · 
for this purpose except in experimental fields under the super-
vision of the manufacturing company or its agents until full 
label approval is obtained. 
Summaries of Results in County Demonstration Trials 
Tables 1-5 present results from county demonstration trials con-
ducted in 1962 and for the j_)eriod 1959-1962. Unless otherwise noted in 
the tables, the chemicals were applied pre-emergence. All of the results 
civen in the tables are from uncultivated plots. They represent evaluationn 
m.adc approximately five weeks after chemical application. 
The results from several years of trial are more meaningtul than 
those from one year 1 s tests. However, some of the chemicals have l:;>een 
tested only one year; therefore, the 1962 results are all that are available 
for these chemicals. They are presented in tables 1 and 4. 
Table 2. compares the 1961 and 1962 weed control results in corn. 
This comparison is interesting because of the difference in early-season· 
rainfall fo1· the two years. The rainfall immediately a.fter corn planting 
was relatively low in 1961 and relatively high in most instances in 1962. 
In general, Randox and Randox- T gave poorer results in 1962 when rain-
fall wan high than 1961. Conversely, atrazine gave better results in 1962 
than 1961. In fact, the two pound per acre rate ga.ve better results in 
1962 than the three pound per acre rate gave in 1961. 
----------------------------------------------------~I~A~b~L~E~£ .............................................. 111111111111111 
Chemical 
CDAA (Randox) 
Granular CDAA 
CDAA-T (Randox-T) 
Granular CDAA- T 
IAtrazine 
Atrazine 
iAtrazine (early post-emergence) 
Pranular atrazine 
IAtrazine 
Linuron (Lorox) 
>~Active ingredient or acid equivalent 
WEED CONTROL IN CORN 
EARLY EVALUATIONS 
UNCULTIVATED 
1962 
Pounds Percent of trials 
A. I. or A. E.*' Grasses 
per acre good fail' poor 
4 24 41 34 
4 38 31 31 
3.5 CDAA + 42 40 18 
7 TCBC 
3.5 CDAA + 44 31 26 
7 TCBC 
2 80 17 2 
3 95 5 0 
3 84 13 3 
3 68 24 12 
4 95 2 2 
3 74 21 5 
in each class 
Broad-leaved weeds 
good fair poor 
12 12 76 
6 28 66 
40 37 23 
58 24 18 
85 15 0 
97 0 3 
97 3 0 
82 12 6 -
97 3 0 
82 12 6 
TABLE 2 
WEED CONTROL IN CORN 
COMPARISON OF 1961 AND 1962 RESULTS 
EARLY EVALUATIONS, UNCULTJVATED 
Pounds Percent of trials with good coni rol 
A. I. or A. E.>:< Grasses Broad-leaved weeds 
Chemical per acre 1961 1962 1961 1962 
CDAA (Randox) 4 28 24 6 12 
-· 
Granular CDAA 4 56 3!3 15 6 
CDAA-T (Randox-T) 3. 5 CDAA + 41 42 42 40 
7 TCBC 
Granular CDAA- T 3. 5 CDAA + 73 44 55 58 
7 TCBC 
lAtrazine 2 46 80 67 85 
.. 
!Atrazine 3 62 95 75 97 
~trazine, post-emergence 3 59 84 70 97 
pr anular Atr az ine 3 49 68 57 82 
IAtrazine 4 77 95 83 97 
· *Active ingredient or acid equivalent 
WEED CONTROL IN CORN 
SEVERAL-YEAR SUMMARY 
EARLY EVAULUATIONS, UNCULTIVATED 
I Approximate Percent of trials in each class 
Years number of trials Grasses Broad-leaved weeds 
Chemical in test Grasses BLW>~ good fair poor good fair poor 
CDAA (Randox) 1959-62 203 191 27 42 31 4 24 73 
Granular CDAA 19.59-62 203 191 45 34 22 10 30 60 
~DAA-T (Randox-T) 1960-62 168 156 33 44 23 32 43 26 
pranular CDAA- T 1960-62 168 156 51 33 17 44 35 21 
Atrazine, 2# 1 A 1960-62 168 156 56 28 15 70 21 9 
Atrazine, 3# 1 A 1959-62 203 191 80 15 6 85 11 5 
Atrazine, Early Post-emergence 1961-62 100 88 69 15 15 80 7 12 
3# 1 A 
Granular Atrazine, 3# 1 A 1960-62 168 156 60 28 13 66 23 12 
Atrazine, 4# l A 1961-62 100 88 84 10 6 88 6 7 
>'.<Broad-leaved weeds 
TABLE 4 
WEED CONTROL IN SOYBEANS 
EARLY EVALUATIONS, UNCULTIVATED 
1902 
Po undo Percent of trials in each class 
A. I. or A.E.:o:' Grasnen Broad-leaved weeds 
Chemi(.·al per acre aood fair poor good fair poor 
CDAA {Randox) 4 42 30 28 6 19 75 
Granular CDAA 4 37 29 33 10 14 75 
Arn.iben 3 08 8 Ll 85 6 8 
Granular Amiben 3 74 20 6 80 6 14 
Linuron ( Lorox) 2 67 23 10 80 20 0 
Sodium PCP 27 28 I 24 40 37 31 31 
......... 
. 
*Active in~rerlient or acid equivalent 
Chemical 
CDAA (Randox) 
Granular CDAA 
~--nib en 
Granular Amiben 
*Broad-leaved weeds 
TABLE 5 
WEED CONTROL IN SOYBEANS 
3 AND 4-YEAR SUMMARIES 
EARLY EVALUATIONS, UNCULTNATED 
Approximate Percent of trials in each class 
Years . number of trials Grasses Broad-leaved weeds 
in test Grasses BLW* go"od fair poor good fair poor 
1959-62 134 125 50 35 15 11 24 65 
1959-62 134 125 55 30 15 17 24 58 
1959-62 134 125 76 19 5 73 19 7 
1960-62 115 106 76 16 8 75 11 14 
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HERBICIDES IN MINNESOTA AGRICULTURE 
Harley J. Otto 
Ex tens ion Agronon1i s t 
The development of chemicals for weed control has been a very 
im.portant contributor to the n-10dern-day farmer's ability to produce 
acricultural products efficiently. Herbicides have improved crop yields 
and quality, reduced cost of production and increased net income. 
The Minnesota Department of Agriculture esti~-;."'lated the following 
acreages of field crops were sprayed with herbicides in 1961: 
Percent of total 
Crop_ Acres sprayed ~creage spraye~ 
Small grain 2,964,310 54 
Flax 332,383 62 
MCPA or 2, 4-D 
dalapon or TCA 88,331 26 
Corn 2' 728' 048 54 
Pastures 204,500 4 
The increasinG ucc of celective herbicidec in grain production is 
apj_)<J..rcnt from. the followin:; data s hawing the percent of the total acres 
sprayed each year since 1954: 
Year 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
Percent of total grain 
acreage sprayed 
23 
29 
36 
36 
44 
45 
49 
53 
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The estimated us'e of herbicides in Minnesota in 1961 for various 
uses shows 539,867 pounds of dry chemicals and 19,400 gallons of liquids 
were used for non-selective purposes. For selective uses in crop produc-
tion, 725,850 gallons of phenoxy herbicides such as 2,4-D, MCPA and 
2,4-5-T :were used. Some 153,230 acres of crops other than corn and 
soybeans were treated for control of wild oats and other annual grasses. 
An additional 280,210 acres of corn and soybeans were treated with pre-
emergence herbicides. 
Estimates made by the writer indicate an increase in income of 
over $16 million dollars to Minnesota farmers on field crops sprayed with 
phenoxy herbicides in 1961. An additional 2 3 million dollars could had 
been realized if all acres needing treatment has received it. These esti-
mates are based on an added income of $2. 00 per acre for small grains, 
$3. 50 for flax, $3. 2 5 for corn and $2. 00 for pasture land. 
There are hazards involved in using herbicides as in the use of 
other agricultural chemicals. These hazards can be classified in three 
categories: (1) Handling the chemicals (2) Potential damage to the crop 
sprayed or to other susceptible plants and (3) Residues in soil or in the 
crop. 
The hazards involved in handling the chemicals include those associ-
ated with storing chemicals and those associated with application. In-
gestion of any of the chemicals should be avoided. Some are more dan-
gerous than others. For example, a few deaths have been reported from 
swallowing DNBP. Some chemicals such as CDAA (Randox) cause irri-
tation to the skin and eyes. Precautions should be taken to avoid contact 
and any body parts contacted by the chemical or its vapors should be 
washed immediately. 
The toxicities of some of the herbicides in use today are given below: 
Chemical LD5o (Mg/Kg) 
2,4-D; 2,4,5-T 300-1000 (varies with formulation) 
MCPA Less toxic than 2, 4-D 
Ami ben 3,500 
TBA 750 
dalapon 6,000-8,000 
CDAA (Randox) 700 
(causes skin irritation) 
NPA (Alanap) 0,200 
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Chemical LDso(Mg /Kg) 
Monuron, diuron, fenuron 3,400-7,500 
Carbamates 3,000-5,000 
Endothal 
Herbicidal oils About 2, 000 
Am.mate 7,000 
Borates 2,000-3,000 
Arsenicals - Sodium Arsenite 
DNBP 
Amitrole (carcenogenic effect) 12,000 
Atrazine and Simazine 5,000 
Linuron (Lor ox) 1,500 
>l< Highly toxic 
An LDso of 1-50 mg/ka indicates high toxicity while 50-250 
indicates moderate toxicity and above 250 sliaht toxicity. 
Th.e U. S. Department of Agriculture requires extensive residue 
and toxicity data on herbicides as on other aaricultural chemicals before 
label a~)proval is granted. Extensive investigations are made in Minnesota 
to assnJre oa..fety to the crop sprayed before the University suggests the 
use of an herbicide. In son1.e cases, where damage to crops is observed, 
but potential benefits from weed control more than offset it, this is noted 
in the suggestions for use of the chemical. The stage of growth of the 
crop can be very important in determining potential danger to the crop. 
For exampJe, corn can be badly injured with 2, 4-D if it is sprayed over 
the top when it is more than 8 inches tall. 
Susceptible plants growing in the vicinity of crops or weeds sprayed 
with phenoxy herbicides can be injured or killed. Precautions must be 
taken in the use of these compounds to prevent spray drift. The important 
factors to consider are chemical formulation, droplet size, wind direction 
and velocity, air temperature, susceptibility of plants and proximity of 
desirable plants to the area sprayed. 
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Most herbicides in use today are granted label approval by the 
U. S. Depa11tment of Agriculture on a no-residue basis. Thus, if the 
material is applied properly and proper waiting periods before harvest 
are observed, there will be no residue in the portions of the plant used. 
The amitrole residues in cranberries a few years ago resulted from 
improper use (i.e. time of application) by a few growers. 
Arsenic·~containing chemicals, used particularly for complete 
vegetation control along roadsides have been reported to cause live-
stock deaths when the treated plants were eaten by livestock. 
Soil residues of some chemicals have caused injury to susceptible 
crops the year following treatment with the chemical. The only sure 
way to prevent this is by avoiding use of the chemical where susceptible 
crops follow treated crops in the rotation. 
Label instructions in handling and use of herbicides should be 
followed carefully. They should be stored only in properly labeled 
containers and out of reach of children. Herbicides should be applied 
with equipment which is in good working condition and properly cali-
brated. If sprays are used, they should be properly diluted so a known 
amount is applied per unit area. They should be applied only to tolerant 
crops and at the proper time to avoid crop damage and residues. Care 
must be taken to avoid drift and damage to desirable plants growing in 
proximity to the s.prayed area. 
Finally, herbicides are not a substitute for good culturalpractices 
they are an additional tool to aid in the tremendous task of controlling 
weeds. 
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CROP DJSEASES IN MINNESOTA IN 1962. 
Herbert G. Johnson 
Extension Plant Pathologist 
The severity of plant diseases varies considerably from year to year. 
Many diseases are found every year 1 but they cause relatively little damage. 
Each year 1 however 1 conditions occur that cause certain diseases to build 
up to severe proportions. 
Control measures must be geared to: 
1. Frequency of occurrence 
2.. Cost of control and value of crop 
3. Timing (when is the disease most easily controlled?) 
4. Forecasts and warnings 
Certain control measures are generally advisable: 
1. Selection of disease resistant varieties 
2.. Obtaining of healthy seed and planting stock 
3. Seed treatment 
4. Crop rotation 
5. Proper timing of planting and harvesting 
6. Good cultural conditions 
The following plant diseases are important in Minnesota for various 
reasons. Some cause serious crop damage and yield losses 1 some are im-
portant on crops that are grown on a limited scale 1 some are important 
because good control measures are available even though the losses the 
diseases cause are not always severe 1 others are important because they 
are spectacular and many people request information on them. 
Corn Stalk Rot and Lod~ing -- This disease and lodging problem is 
present every year 1 and was about average in severity in 1962. It is the 
most costly disease problem of our most valuable agricultural crop. See 
listed publications for additional information. 
Northern Corn Leaf Blight -- This disease has been prevalent in 
southern Minnesota for the last three years. Before that it was rare in 
this state. The disease is common south of Minnesota so .we have been 
off the northern fringe of the affected area in most years. Now 1 after 
three successive years of disease infection in this state we are not sure 
whether the disease will again retreat to its former area or whether some 
change has occurred that will permit the disease to become more of less 
permanent here. The use of disease resistant hybrids of corn is the only 
practical control of the disease in areas where it has been common. If 
the disease persists in Minnesota it will be necessary for corn breeding 
programs to include resistance to this disease as another factor. Some 
differences in susceptibility to the disease exist now in hybrids that are 
commonly grown. 
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Loose Smut of Barley -- Incidence of this disease in 1962 was about 
1 to 2 percent on the average. This is down from a high of 6. 5 percent in 
1959. Much of this reduction is believed to be due to the elimination of 
heavily infected seed lots by the use of the "embryo test." This test which 
shows the percentage of barley-seed embryos infected with the loose-smut 
fungus is in operation now. Procedures for obtaining tests on barley seed 
samples are as follows: 
1. Obtain a random and representative sample of the seed lot 
2. Send about 1 pint of the seed for the test 
3. Send the sample to: 
Division of Plant Industry 
6 70 State Office Building 
St. Paul 1, Minnesota 
4. Enclose a check in the amount of $5 for each sample, made out to 
Minnesota State Treasurer 
5. Be sure that return address and sample identification are plainly 
marked on the package or enclosed 
6. Mark the package "Smut Test'' 
Barley seed should be tested for loose smut before it is cleaned and 
graded to save expense in case the percentage of loose smut is too high 
to warrant use of the grain for seed. By all means do not apply seed-
treatment chemicals to the seed before testing since this would make the 
grain unfit for feed or industrial uses. Chemical seed treatment will not 
control loose smut of barley or wheat. Planting of barley seed with a low 
percentage of, or free from infected embryos is the best method of control. 
Plant Pathology Fact Sheet No. 6 "Barley Smuts" gives additional information. 
Scab of Barley, Wheat, and Oats-- The moist weather during the 1962 
growing season promoted more scab disease than normal in the cereal grains, 
Scab is a fungus disease which infects the heads, and species of the genus 
Fusarium are always involved in this disease. In addition to causing discol-
oration and shriveling of grain kernels, the disease causes the formation 
of chemicals that are toxic to livestock. Hogs are especially sensitive to 
the toxic chemical. Yield was severely reduced in some fields of wheat and 
durum in 1962. 
Pasmo of Flax -- This disease was the most severe in 1962 that it 
had been for about 20 years. Pasmo is a disease caused by a fungus of 
the genus Septaria. Stems, leaves, and bulls are attacked and generally 
the disease is most severe as the crop nears maturity. Many seeds fail 
to develop or fill poorly because of the disease. High moisture conditions 
in 1962 promoted a high degree of infection. Plant Pathology Fact Sheet 
No. 7 "Flax Diseases" gives additional information. 
- 54 -
Alfalfa Leaf Spots -- Three or four different fungi cause leaf spots on 
alfalfa in Minnesota. There is no specific control for these diseases. The 
best recommendations are cutting the crops on tirn.e according to good agro-
nomic practices and fertilizing according to recommendations and soil tests. 
Alfalfa Bacterial Wilt -- The alfalfa varieties recommended by the 
Minnesota Agricultural Experiment Station have the highest degree of resis-
tance to this disease of available varieties. Promote vigorous growth by 
good cultural practices and fertilizing as necessary. 
Winter Killing of Alfalfa -- In the spring of 1961 some reports of ex-
tensive losses of alfalfa stands were reported from the west central part of 
Minnesota. All varieties were apparently affected. This was traced to the 
occurrence of an ice sheet on parts of fields. The ice sheet had developed 
when snow cover partially melted and then froze again. This situation can 
occur at any time and place that the proper conditions come about. 
Black Rot and Blackleg of Cabbage and Related Plants -- The control 
methods for these diseases are clear cut and practical, but every year 
severe losses are suffered by many growers. These losses can nearly 
always be traced to the omission of one or more of the necessary control 
measures. There are two phases to this control: Hot-water treatment 
of seed and crop rotation. Some counties have a day or two each sprinG 
when hot-water seed treatment is done on a group basis. This treatlnent 
can be arranged for in other counties. 
Bacterial Diseases of Tomato -- At least three different bacterial 
diseases can attack tomato in Minnesota. The bacteria that cause these 
diseases are seed-borne and can also live over winter for one season 
in crop refuse. Hot water seed treatment and crop rotation are the rec-
ommended controls for these diseases. Plants produced in southern 
states and shipped north to this area sometimes carry another bacterial 
disease that has killed entire plantings early in the season. 
Damping-Off of Bedding Plants -- Every spring several calls are 
received for help in controlling damping-off of vegetable and flowering 
plant seedlings. A complete program of soil sterilization and sanitation 
is the best procedure. Chemicals are sometimes very helpful after the 
trouble has started. A sheet entitled 11 DAMPING-OFF OF SEEDLINGS" 
is included in this book. 
Onion Smut -- Combinations of insecticides and fungicides were 
applied as furrow treatments at planting time on onions for the control of 
maggot and smut. Results of some of the treatments are shown in the 
following table: 
Insecticide 
Heptachlor 
Dieldrin 
Dieldrin 
Ethion 
V -C 13 
V -C 13 
V -C 13 
Diazinon 
None 
None 
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Onion Sri1.ut and Maggot Control Plots 
Castle Rock, Minnesota - 1962 
Fungicide No. Marketable bulbo 
thiram (pellets) 
None 
formaldehyde 
formaldehyde 
None 
thiram 
formaldehyde 
formaldehyde 
formaldehyde 
None 
151 
78 
138 
176 
86 
135 
124 
140 
90 
74 
Rates and details for application are given in Special Report No. 5 
''Commercial Vegetable Pest Control Guide. 11 
Anthracnose of Muskmelon -- Muskmelon is a relatively minor 
crop in Minnesota, but to those who are growing it as a market crop 
it can be very important. Anthracnose can make an otherwise excel-
lent crop unmarketable in a few days. This disease can be controlled 
by crop rotation and timely applications of fungicides. 
Cucumber Diseases -- Several diseases can be limiting to the 
production of cucumbers either by reducing yield or by damaging the 
fruits so that they are unsaleable. Some of these diseases are: scab, 
anBular leaf spot, anthracnose, bacterial wilt, mosaic, and powdery 
m.ildew. A disease control program including: mercury treatment 
of need, crop rotation, and chemical application to the growing crop 
is needed to control all of these diseases. 
Apple Scab -- This is one of the most serious diseases of apples. 
Commercial producers must control this disease every year or losses 
may be severe. This disease has been severe on some ornamental 
flowering crab apple trees in recent years. 
Cedar -Apple Rust -- This is one of the most spectacular diseases 
of plants. In the spring of the year the large, orange-colored, gelantinous 
horns coming out of the galls on the cedar trees bring on a flood of calls to 
various offices for an explanation. Then in late summer the large red and 
yellow spots on apple leaves bring more calls. The apple fruit is also 
attacked. Plant Pathology Fact Sheet No. 4 "Cedar-Apple Rust" gives 
additional information. 
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CHEMICALS COMMONLY RECOMMENDED FOR USE IN MINNESOTA FOR 
CONTROL OF PLANT DISEASES 
Herbert G. Johnson 
Extension Plant Patholor;ist 
Many seed and fertilizer dealers carry a supply of pest control cher..l.i-
cals. The sale of these materials fits in well with the other products they 
handle. People who purchase seed and fertilizer often wish to buy pest-
control mat_erials at the same tinl.e or later. They will rely to a great extent 
upon the advice of the dealer and will expect him to have information and 
materials available. Answers to requests for infonnation on pest control 
that are given by public or private agencies often include recommendation::; 
for use of chemicals. Persons who receive such information appreciate a 
local source of supply. 
The great number of agricultural chemicals on the market today cause 
considerable confusion for nl.ost people who sell them or use them and for 
those who are in a position to rnake impartial recommendations as well. 
An attempt to set up reco1nmendations for sales and use based on a 
r.ninimum number of chemicals presents problems; however, such an at-
tempt will be made here. Recommendations for use of these chemicals 
on food crops must be checked with limitations for use on specific crops. 
Fungicide 
l. Captan 
2. Mancb 
Fruit diseases--apple; does not control rust 
of apple, plum., cherries, strawberry, rasp-
berry, ornamentals 1 diseases. 
Vegetable diseases--potato, tomato, 
cucurbits, 
Ornamentals 1 diseases 
The above fungicides will control 130-90 percent of the common diseases 
of fruits and vegetables in Minnesota of the types of diseases that can be 
controlled by spray or dust applications. 
3. 
4. 
Ferbam 
Acti-dione PM 
or Karathane, 
or Mildex, or 
Phaltan, Sulfur 
Fruit diseases- -apple (including rust), 
plum, cherries, raspberry. 
Ornamentals 1 diseases. 
Powdery mildew control. 
5. 
6. 
PCNB 
Organic seed-
treatment fun-
gicide Captan, 
or Chloranil 
or, Dichlone, 
or Thiram. 
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Damping-off of seedlings. 
Club root of crucifers 
Rhizoctonia diseases 
Soil drench for root and crown disease 
control. 
Cereal seed treatment. (Volatile mer-
cury seed treatm.ent chernicals preferred 
for cereal grain crops. ) 
Other fungicides than those listed above may be preferred for cpecific 
purposes. Others 1nay be cheaper and yet satisfactory for some purposes. 
Con1n1ercial growers and som.e home gardeners n1ay require other funGicides 
in addition to these. Whether spray or dust m.aterials or both should be kept 
1n stock is a matter of preference of the customers in an area. 
Following are som.e of the materials commonly recommended, con1e 
of their trade names, persons who are likely to use them, and some of the 
eli ceases that they control. The "Commercial Fruit Spray Guide," the 
"Com.mercial Vegetable Pest Control Guide, 11 the "Hom.e Fruit Spray Guide," 
am.i other bulletins, folders, leaflets, fact sheets, etc. , give additional 
inforn1ation on pest control. These publications are available from the 
Bulletin Room, University of Minnesota, Institute of Agriculture, St. Paul 
l, Minnesota and from County Extension Offices. 
l. Actidione -- this is a trade name. An antibiotic that is used 
to control certain fungus diseases such as: Cherry leaf spot, 
powdery mildew, white pine blister rust, rust galls on cedar, 
turf diseases, and others. 
2. Antibiotics -- son1e trade names: Agrimycin l 00, Agristrep, 
Miller Streptomycin Antibiotic Spray Powder, Ortho Streptomycin 
Spray, Phytomycin. Used primarily for control of bacterial di-
seases such as fireblight of fruit trees. It will control the bloc-
com-blight phase of fireblight but has not been too successful on 
the shoot-blight phase. 
3. Captan -- [.)Ome trade names: Orthocide 50 Wettable, Orthocide 
Garden Fungicide, Stauffer Captan SO-W, Stauffer Captan Garden 
Fungicide. Uced commercially by fruit growers. Also widely 
used for control of many fungus diseases in the home, yard and 
garden. Controls a wide range of fungus diseases, includinG 
apple scab, grayrnold fruit rot of strawberry and some "dampinG 
off" and root rot in soil. May be recomm.ended for general use 
in control of leaf spot diseases on ornan1entals. 
4. Copper-Zinc-Chromate-- Trade name Miller 65!3 Fungicide. 
Produced by Miller Chemical & Fertilizer Corporation. Crops 
in this area for which it is cleared for use are: celery, grapes, 
potatoes, tomatoes, and cucurbits. It has given a good control 
of late blight of potatoes. The three metals in this chemical arc 
all trace el.ements which could give some benefits from that 
standpoint. 
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5. Dodine --trade name Cyprex. Produced.by American Cyanamid 
Co. A new fungicide that shows great promise for control of 
apple scab. Has a long residual effect and is described as a 
local system.ic. Penetrates the leaves killing some of the fungus 
that has already entered the leaf and protects against infection 
from inside the leaf. Cleared for use on commercial apples up 
to 7 days from harvest. 
6. Dyrene -- this is a trade name. A new fungicide produced by 
Chemagro Corporation. This material has been cleared for use 
on celery, potatoes, dry onions and tomatoes. It is reported to 
give good control of various fungus diseases in many parts of 
the country. 
7. Ferbam -- some trade names: Black Leaf Ferbam Wettable Pow-
der, Chipman Fer bam 76, Coromate, Ferberk, Fermate Ferbarn 
Fungicide, Karbam Black, Lebanon 76o/o Fer bam, Niagara Carba-
mate, Nu-Leaf Black Fungicide, Orchard Brand Ferbam, Penco 
Ferbam, etc. Used by some greenhouse operators, raspberry 
growers, and in home yards and gardens. Controls most fungus 
diseases of raspberry canes and leaves, rusts, and many leaf 
spots. One of the best materials for control of rust on apple. 
Contains iron which m.ay correct iron deficiency in some crops 
when used as a foliage application. 
l3. Formaldehyde -- is a good fungicide for many purposes. It is 
being recomm.ended for soil fumigation, treatment of wood and 
other materials that may carry plant-disease organisms, and 
for control of onion smut in the field. The recommended form 
of material for all these uses is the 37o/o com.mercial formaldehyde 
{liquid). 
9. Karathane or Mildex {both are trade names for the same material)--
Specific for control of powdery mildew. Superior in some respects 
to sulfur for this purpose. 
10. Lime Sulfur -- an old material replaced by Eev;er chemicals for 
many purposes. Still recommended for raspberry disease control 
as a spray in early spring when leaves are 1/4 to l /2 inch long. 
Sold as either a liquid or wettable powder. 
11. Maneb -- some trade names: Dithane M-22, Manzate Maneb Fungi-
cide. Used commercially by many tomato growers in other states. 
It i's known to control five fungus leaf-spot diseases of tomatoes. 
Has many of the same characteristics as zineb, but is superior to 
zineb in some respects. The use of this fungicide is increasing 
for potato spraying in Minnesota. Gives better control of early 
blight of potato than zineb. Very good for control of rose black-
spot. May be recommended for general use in control of leaf 
spot diseases on ornamentals. 
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12. PCNB -- trade name Terraclor. Used regularly by many green-
house operators. Used primarily as a soil treatment for the con-
trol of Rhizoctonia and Sclerotinia diseases, potato scab, club 
root of cabbage, damping-of£ and others. Most commonly sold as 
a 75o/o wettable powder but is available also as dusts. 
13. Phaltan 50-W --A new fungicide produced by the California Spray-
Chemical Corporation. Controls black spot and powdery mildew 
of roses. Controls many other plant diseases, but present restric-
tions lin<it ito use on food crops. 
14. Seed treatment materials. See USDA Misc. Pub. No. 219, Oct. 
195 7 entitled "Treat Seed Grain" for recommendations on grain 
crops. 
The following Organic Seed Protectant Materials are good for 
general seed treatment where protection from soil-borne dioeacc 
organisms is desired. 
Common Name 
Captan 
Chloranil 
Dichlone 
Thiram 
Some Trade Names 
Captan, Orthocide 
Spergon 
PhY[~On 
Arasan, Thiram, Panoram 
15. Sulfur -- for control of powdery mildew, rust, and some other 
fungus diseases. Available as dusts and sprays. 
16. Zineb -- some trade names: Chemform Spray Zineb, Dithane 
Z-78, DuPont Fungicide A, Ortho Zineb Wettable, Parzate Zineb 
Fungicide, or liquid mixture Nabam (Dithane D-14, Ortho Nabam 
Liquid Spray, Parzate Liquid Nabam Fungicide, Thiodow-Liquid, 
etc.) plus zinc sulfate. Used commercially by potato and tomato 
growers. Also widely used for control of n<any fungus diseases 
in the home yard and garden. Controls a wide range of fungus 
diseases including early and late blight of potatoes and tomatoes, 
rusts, etc. Recommended in some states as a soil treatment 
for control of black root rot of strawberry. May be recommended 
for general use in control of leaf- spot diseases of ornamentals. 
General - the above materials can be obtained as single materials or 
ao proprietary rnaterials in combination with other chemicals. As propri-
etary materials the size of the package is usually small and is adapted for 
home use. The single materials usually come in larger packages which are 
intended more for commercial use. Recommendations for use as shown on 
package labels and bulletins n<ust be followed clooely to avoid re siduc o in 
food products. P1·ecautions in handling must also be studied and followed 
clooely to avoid accidents. 
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The materials that control a wide range of plant diseases such as captan, 
zineb, and maneb may be recommended for trial on ornamentals or vegetables 
on which they are approved for problems in which the exact recommendation 
is not known. If one material does not control the problem, another may be 
tried; however, care must be used to recommend materials only for those 
food crops on which approval has been given. 
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AGRICULTURAL EXTENSION SERVICE Form PL-11 
UNIVERSITY OF MINNESOTA -- U. S. DEPARTMENT OF AGRICULTURE 
INSTITUTE OF AGRICULTURE ST. PAUL 1, NINNESOTA 
DAMPING-OFF OF SEEDLINGS 
Herbert G. Johnson 
Extension Plant Pathologist 
Damping-off generally refers to a sudden dying of plants in the seed-
ling stage due to the attack of fungi. Seedlings may be injured or killed 
by many other agencies however, such as: toxic materials in the soil, ex-
cess or deficient soil moisture, seed defects, temperature extremes, toxic 
gases in the air, etc. A correct diagnosis is the key to the application 
of effective control measures. 
Proper conditions for seed germination and seedling emergence are gen-
erally quite suitable for vigorous growth of fungi that cause damping-off. 
This complicates the problem. Seed and roots must be kept moist and warm 
until the roots have penetrated the soil and the seedlings have emerged. 
After that the moisture at the surface of the soil can be decreased and the 
damping-off fungi will then have less advantage. Soil should be thoroughly 
saturated when watering is done and then no more watering should be done 
until soil approaches the wilting point for the plants. This procedure will 
keep surface soil dry a maximum amount of time. Frequent sprinkling keeps 
surface soil moist most of the time and promotes fungus growth. 
Damping-off may not occur at a location for many years and then be dev-
astating ln one season. Such situations can sometimes be traced to a change 
in crops or variety of plants, a change of source of soil, or some change in 
procedure. Changes should be tested early and on a small scale before the 
main planting is done. 
Control measures for damping-off fall into several categories depend-
ing upon the facilities available and whether preventative measures are to 
.be used before planting or if emergency methods must be used after the trou-
ble has started. Preventative measures are much preferred, but preparations 
should be made for emergencies. Preventative measures are based on elimina-
tion of fungi that cause damping-off or providing chemical barriers that 
will prevent the fungi from growing. 
Steam Sterilization 
Steam sterilization or pasteurization of soil and other materials is 
preferred because of the complete elimination of fungi accomplished by this 
procedure. All soil must be raised to a temperature of at least 180°F. in 
order to kill the damping-off fungi. 
Sanitation 
Sanitation procedures that will prevent the damping-off fungi from re-
infesting the soil are necessary. If the damping-off fungi get a start, 
they will grow faster in sterile than in non-sterile soil. Soil and con-
tainers must be kept off the ground or other non-sterile areas to prevent 
reinfestation. 
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Seed Treatment 
Seed should have a coating of a good seed tr~atment chemical before ~~ant­
ing. Any one of the following is suitable: 
mix 
Common Name 
capt an 
chlorariil 
dichlone 
thiram 
X indicates permissible use 
or drenchJ.ng of seedlings; 
Crop capt an-:~ 
broccoli X 
brussels sprout X 
cabbage X 
cauliflower X 
celery X 
cucumber X 
eggplant X 
lettuce X 
melons X 
pepper X 
spinach X 
squash X 
tomato X 
Some Trade Names 
Captan, Orthocide 
Spergon 
Phygon 
Arasan, Panoram, Thiram 
Use of Chemicals 
of the chemical on the crop for pre-plant 
ferba.rrrl~ PCNB-l~ 
X 
X 
X 
X 
X 
X 
X X 
X 
X X 
X 
X X 
7~Some trade names of chemicals: 
soil 
captan - Orthocide 50 Wettable, Orthocide Garden Fungicide, Stauffer Captan 
50-W, and Stauffer Captan Garden Fungicide. 
ferbam - Coromate, Ferberk, Fermate, Karbam Black, Niagara Carbamate, Nu-
Leaf Black Fungicide, and all trade names that contain the word 
11Ferbam. 11 
PCNB - Terraclor 
11Pano-drench 11 treatment for vegetable plant beds -- Pre-emergence soil treat-
ment only when seedlings are to be transplanted later to untreated soil. (Follow 
label directions) 
Other chemicals may be used also, but check current labels for permissible use 
Above treatments may be used on seedlings of ornamental plants. 
Pre-plant Soil Mix 
Non-sterilized soil may have fungicides mixed with it which will act as a 
barrier against certain fungi. PCNB at a rate of one pound 20% dust or ! pound 
75% wettable powder and ~ pound of either captan 50% vJ'ettable powder or ferbam 
76% wettable powder should be mixed thoroughly with .each cubic yard of soil. 
Drenching 
Emergency procedures, for use when damping-off is occurring, generally involve 
the use of fungicides in water used as drenches on the surface of the soil around 
the base of the plants. PCNB 75% wettable povJder at a rate of ~ level tablespoon~ 
ful and either captan 50% lvettable powder or ferbam 76% wettable powder at a rate 
of one level tablespoonful per gallon of water is a good combination for a general 
purpose drench. 
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BLACK STEM RUST OF WINTER WHEAT IN 1962 
Herbert G. Johnson 
Extension Plant Pathologist 
Black stern rust caused severe losses in yield and quality of winter 
wheat in Nebraska, South Dakota, and North Dakota in 1962. Ordinarily 
the rust susceptible winter wheats grown in that area escape severe rust 
damage by maturing before rust becomes severe. In 1962 the crop was 
late and the rust was early. The following figures give the magnitude of 
the loss to the three states in 1962: 
Winter Wheat Losses Fro;rn Black Stern Rust in Three States in 1962 
State 
North Dakota 
South Dakota 
Nebraska 
o/o crop loss 
65 
60 
35 
Bushel loss 
1,486,000 
8,415,000 
28,564,000 
Dollar loss 
$ 2,972,000 
16,830,000 
57,128,000 
Black stern rust resistance in spring bread wheat and dururn meant 
a very significant saving of income to North Dakota in 1962. The following 
table indicates the magnitude of this saving: 
Research Benefit in Black Stern Rust Resistance m 
North Dakota in 1 962 
Yield in bushels, rust susceptible winter wheat 
Yield in bushels, rust resistant spring bread wheat 
Approximate yield saving for spring bread wheat 
Total bushels spring wheat saved 
Dollars saved ($2 per bushel) 
Yield in bushels, rust resistant dururn 
Approximate yield saving for dururn 
Total bushels dururn saved 
Dollars saved {$2. 50 per bushel) 
Total dollars saved, spring bread wheat and dururn 
75,420,000 
$150,840,000 
40,700,000 
$101,750,000 
$252,590,000 
() 
u 
28 
20 
30 
22 
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Minnesota escaped severe losses from black stem rust in 1962. Our 
winter wheat variety, Minter, is resistant to race 56 of black stem rust 
which caused the severe losses in Nebraska, South Dakota, and North Dakota. 
Minter is susceptible to race 15B and we had about 1 o/o loss of crop fronl. 
this race. 
The above figures indicate the potential damage that black stem rust 
can cause. Our spring bread wheat and durum are resistant to races of black 
stem rust that have been prevalent in the north central states in recent years. 
Occasional rust collections have been found that can attack our resistant 
varieties. If these races build up in this area, our present resistant varietieo 
could be attacked and severe losses could result. To protect against such 
events two procedures are available. Continued search fo1· greater rust re-
sistance is going on. If rust resistant varieties are not available in tirne, 
chemical control of rust may be at least a temporary answer. The following 
section gives the present status of chemical control of black stem rust of 
wheat. 
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CHEMICAL CONTROL OF BLACK STEM RUST OF WHEAT 
Herbert G. Johnson 
Extension Plant Pathologist 
A new fungicide, Dithane S-31, has been tested on black stem rust 
control and looks very promising. This fungicide was selected after a 
large number of chemicals had been tested. Application has been made 
for clearance for use of Dithane S-31 on commercial cereal crops for 
rust control. If approval is obtained, the chemical may be available 
for commercial use in the 1963 growing season. 
Successful control of rust and economical use of the fungicide depend 
upon several critical factors. A knowledge of the rust situation is neces-
sary. Movcm.ent of rust from. southern areas to the north central states 
is traced every year. This includes: spore counts from the air, varieties 
infected, and identification and prevalence of rust races. The decision to 
treat or not treat a field is based upon the percentage severity of rust on 
plants in the field at a certain stage of crop developm.ent. For example, 
if a variety of winter wheat is susceptible to prevalent races of black 
ster.n rust and between boot and heading stages one or 1-n.ore rust pustules 
is easily found on one side of each stem; treatment vvould be indicated at 
that time and again about 10 days later. These two treatments would stop 
much of the infection that had already taken place and would protect against 
m.uch additional infection. The protection given would carry the plants 
through to the dough stage and severe loss would be reduced. Weather 
conditions during the protection period would affect the final results. 
Rains would remove som.e of the chemical and also provide conditions 
for spore germination and infection. Therefore, application should be 
made after rather than before rains when possible. Dry weather would 
reduce further infection and pre serve the protective effect of the fungi-
cide. 
The present estimate of cost is $9 per acre for chemical and ap-
plication for the two treatments. Each application requires 3 pounds of . 
Dithane S-31 in 3 to 5 gallons of water per acre applied by airplane. 
This is equivalent to about 4 1 /2 bushels of wheat. 
Most available airplane spray equipment is designed for lower 
volume per acre application for the use of weed chemicals. Such equipment 
must be converted to larger volume application for rust control. 
Field tests have shown that the above treatment would have been 
economical in rn.ost recent years on rust susceptible wheat varieties when 
ruot was present and a fair to good crop was produced. The severe losses 
in 1962 in the winter wheat growing area could likely have been reduced 
by c~1ernical control of rust. 
- 66 -
Available Publications On Plant Diseases 
Single copies of these publications may be obtained free from County 
Extension Offices or from Bulletin Room, Institute of Agriculture, St. Paul 
1, Minnesota. The publications may be purchased in quantity, and details 
on cost may be obtained from the Bulletin Room. 
11 Tl'eat Seed Grain," USDA, Miscellaneous Publication No. 219, 1957. 
"Scab of Cereals, 11 USDA, Leaflet No. 426, 19 57. 
"Control of White Pine Blistel' Rust," USDA, PA-352, 1958. 
"Blight of Pears, Apples and Quinces," USDA, Leaflet No. 187, 1960. 
11 The Dutch Elm Disease, 11 U of Minn. , Extension Folder 211, 1962. 
"Home Fl'uit Spl'ay Guide, 11 U of Minn. , Extension Pamphlet 184, 1962. 
"Onion Diseases and Their Control, 11 USDA, Agriculture Handbook No. 2 08, 
1961. 
"Dodder and Its Control," USDA, Farmers' Bulletin No. 2117, 1958. 
"Maple Diseases and Their Control, 11 USDA, Home and Garden Bulletin 
No. Gl, 1962. 
"Diseases of Shade and Ornamental Maples," USDA, Agriculture Handbook 
No. 211, 1961. 
"Reducing Virus and Nematode Damage to Strawberry Plants, 11 USDA, 
Leaflet No. 414, 1957. 
"Strawberry Diseases," USDA, Farmers' Bulletin No. 2140, 1959 
"Control of Grape Diseases and Insects in the Eastern United States, USDA, 
Farmers' Bulletin No. 11393, 1961. 
"Cherry Leaf-Spot and Its Control, 11 USDA, Leaflet No. 489, 1961. 
"Care of House Plants,'' U of Minn., Extension Bulletin 274, 1961. 
"Soybean Diseases, 11 USDA, Farmers' Bulletin No. 2077, 1955. 
"The Home Lawn," U of Minn., Extension Folder 165, 1960. 
"LawnDioeases in the Midwest, 11 U of Minn., North Central Regional Exten-
sion Publication No. 12. , 1962. 
11 Lawn Diseases, How To Control Them,'' USDA, Hom.e and Garden Bulletin 
No. 61, 1960. 
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"Late Blight of Potatoes, 11 U of Minn. , Plant Pathology Fact Sheet No. 1. , 
1959. 
"Disease Control for Strawberries," U of Minn. , Plant Pathology Fact 
SheetNo. 2., 1959. 
"Stalk Rot and Lodging of Corn, 11 U of Minn. , Plant Pathology Fact Sheet 
No. 3., 1959. 
"Cedar-Apple Rust," U of Minn., Plant Pathology Fact Sheet No. 4., 
1961. 
"Oak Wilt and Its Control," U of Minn., Plant Pathology Fact Sheet No. 
5.' 1960, 
"Barley Smuts," U of Minn., Plant Pathology Fact Sheet No.6., 1961. 
"Flax Diseases," U of Minn. , Plant Pathology Fact Sheet No. 7. , 1961. 
"Raspberry Diseases," U of Minn. , Plant Pathology Fact Sheet No. 8. , 
1962. 
''Controlling Diseases in the Home Vegetable Garden, 11 U of Minn., Plant 
Pathology Fact Sheet No. 9. , 1962. 
"Leaf Spot Diseases of Trees, 11 U of Minn. , Form PL-1 (Rev.). , 1962. 
"Cytospora Canker on Spruce, 11 U of Minn. , Form PL-2. , 1961. 
"Rust Diseases of Minnesota Pines, 11 U of Minn. , Form PL-3. , 1956. 
"Elr..t Wilts," U of Minn., Form PL-4 (Rev.)., 1961. 
11 Wetwood of Elm, 11 U of Minn. , Form PL-5. , 1960. 
11 Elm Diseases, 11 U of Minn. , Form PL-6. , 1962. 
11 Helmin:thosporium Leaf Blight of Corn," U of Minn. , Form PL-7.., 1961. 
11 Tree Fertilization," U of Minn. , Form PL-8. , 1962. 
"Diseases Caused by Inanimate Agents, 11 U of Minn. , Form PL-9., 1961. 
11 Treatment of Gladiolus Corms for Disease Control, 11 U of Minn. , Form 
PL-10., 1960. 
"Damping-Off of Seedlings, 11 U of Minn. , Form PL-11., 1962. 
11 Soil Fumigation With Formaldehyde, 11 U of Minn. , Form PL-12. , 1962. 
11 Birch Dieback," U of Minn., Form PL-13., 1962. 
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"Edible Wild Mushrooms, 11 Reprinted from Horticulture, November 1960 
issue,, Dr. Clyde M. Christensen, St. Paul," Minnesota. 
"Commercial Fruit Pest Control Guide," U of Minn. , Special Report No. 
6 • 1 1962 • 
"Commercial Vegetable Pest Control Guide 1 11 U of Minn. 1 Special Report 
No, 5. 1 1962. 
- 69 ... 
DEALERS' GUIDE TO IN SEC TI'CIDES 
John Lofgren 
Bxtension Entomologist 
Regulations on Sale anci Uses 
The sale and use of insecticides is regulated by two federal ads and 
by corresponding state laws. The federal regulations cover the interstate 
phases of insecticide labeling and sales and the interstate fudvernent of 
treated foods or agricultural product. The state laws cover these activ-
ities within the state. 
The federal acts are the Federal Insectidde, Fungicide, and 
Rodenticide Act, with amendments, and the Food; Drug, and Cosmetic 
Act as :.:t.mended. The Insecticide, Fung1eide, and Rodenticide Ad is 
administrated by the USDA. It provides that ail pesticides sold in inter.:. 
state commerce be registered and labeled according to its proviiHons. 
The Food,. Drug, and Cosmetic Act; wlth amendments, is admin-
istered by the Food and Drug Administration. It provides for· the estah.:.-
lishment of tolerances for pesticides in or· on ag.ricultural commodities. 
This means that th.e applications· of chem-icals to crops· and· livestock 
must be done in such a way that their tes"idues left in; or ori the commod-
ities are within the established tolerances. This can be done by following 
to the 1etter suggestions as to dosage, time of application, crops or live-
stock to be tr·eated, waitirtg. periods between treatment arid h:arvesf, and 
oth.er limitations state-d. in, cu-rrent recommendations· and on' cu:rrent labels. 
Forms of Insecticides 
1. Dusts. are dry powders re.ady for immediate use. They may con-
tain: L/Z·, l, Z, 3,. 5, 10, or 2.0 percent of. the actual chemicaL The rest 
of the dust is. a ca;vr.ier. ,. su.ch· a·s talc or pyrophylll.te. Combiriat'iori.· dusts 
with two or more insecticides or fungicide's are available. Dusts s·hould 
not be used in sprayers' because they do· not miX properly with. water or 
oil. 
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2. Wettable powders are dry powders which may be mixed with water to 
make sprays. Formulations containing 15, 25, 40, 50, and 75 percent of the 
actual ingredient are available. These powders contain a carrier plus a wetting 
agent which permits them to form suspensions when mixed with water. This 
formulation is useful on vegetation because it does not injure foliage as readily 
as do emulsions or oil solutions. High-volume hydraulic sprayers with me-
chanical agitators are best suited for handling wettable powders. 
3. Soluble powders. Only a few organic insecticide~ made of newer mate-
rials, dissolve in water. Powders of these chemicals are called soluble pow-
ders. They may be mixed with water in the same way as wettable powders and 
used in the same type of sprayers that handle solutions or emulsions. 
4. Emulsifiable concentrates are liquids which contain the insecticide 
dissolved in a suitable solvent and an emulsifier. This permits the concentrate 
to mix with water to form an emulsion. These concentrates may contain many 
different amounts of the active ingredient, but the label will give this informa-
tion plus the weight of active chemical per gallon. For example: 25-percent 
DDT emulsifiable concentrate contains 2 pounds actual DDT per gallon; 18. 5-
percent dieldrin emulsifiable concentrate contains 1 i pounds actual dieldrin 
per gallon; 57-percent malathion emulsifiable concentrate contains 5 pounds 
actual malathion per gallon, etc. Emulsions may be used in low-pressure 
low volume sprayers without mechanical agitation. Be sure the use on plants 
is specifically recommended or included on the label as emulsions damage 
some types of foliage. Some insecticides are available as "flowable'' formu-
lations. These may be handled in about the same way as emulsions. 
5. Oil solutions are solutions, generally ready to use, of the insecticide 
in a suitable solvent and an oil carrier. Ready-to-use solutions usually con-
tain from i-to 10-percent active ingredients. Some solution concentrates are 
available for further dilution with oil or to form oil sprays such as those used 
by aerial spray equipment, foggers, and mist blowers. Oil solutions should 
not be used on plants or animals except for special uses with special formu-
lations, such as pyrethrum fly sprays on cattle. 
6. Granulated material is a ready-to-use preparation of the insecticide 
in or on particles of an insect carrier, such as attaclay or bentonite. The 
particles are usually from 25 to 60 mesh in size or from the consistency of 
granulated sugar to that of coffee grounds. Granules are particularly useful 
for controlling soil insects because they sift down through foliage and last 
longer than other formulations. The granules are also effective for corn borer 
control because they roll down into the whorl of the plants. They may be ap-
plied with fertilizer spreaders, seeders, or special granule applicators, 
ground or aerial. 
7. Aerosol and spray bombs contain one or more insecticides, an oil 
solvent, and a propellant gas. These bombs produce a very fine mist (an 
"aerosol") or a coarse spray, depending on the purpose of the bomb. The fine 
mist aerosols are for the control of flying insects, such as flies and mosqui-
toes, in a closed room. The coarser spray bombs are used to apply a residual 
deposit of insecticide. You may use some spray bombs on certain plants, but 
check the labels carefully beforehand. Large aerosol cylinders are available 
for use in greenhouses, warehouses, etc. 
8. Miscellaneous. In addition to the main insecticides, there are a num-
ber of special types. Baits, insecticide-fertilizer mixtures, insecticide -
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herbicide mixtures, mothproofing agents, etc. should be used according to 
recommendations and label directions. 
Calculating Dosage and Rates of Application 
Most recommendations are given in terms of amount of actual insecticide 
per acre, percent active ingredient in the finished spray, or as recipes using 
a given formulation in 1, 5, 25, or 100 gallons of water. The following for-
mulas and tables will help you calculate proper dosages. This is extremely 
important in order to avoid waste, excessive residues, or injury to treated 
plants or animals. 
1. To figure amount of emulsifiable concentrate needed for a required 
amount of actual chemical to be mixed in a spray tank: 
Number of acres to be sprayed per tank x pounds actual needed per acre 
Pounds actual per gallon in concentrate used 
Example: 
How many gallons of 25-percent DDT emulsifiable concentrate (2 pounds 
per gallon) are needed to give 3/4 pound actual DDT per acre, using a sprayer 
with a 50 gallon tank applying 10 gallons per acre (5 acres per tank)? 
5 X 0.75 
= 1 . 8 7 gallons of 2 5o/o DDT in 50 gallon tank 
2. To figure amount of wettable powder needed for a certain amount of 
actual chemical per acre: 
Number of acres per tank x pounds actual needed per acre 
Pounds actual chemical per pound of powder used 
Example: 
How many pounds of 50-percent DDT wettable powder are needed to apply 
3/4 pound actual DDT per acre, using a sprayer with a 50 gallon tank apply-
ing 10 gallons per acre (5 acres per tank)? 
5 X 0. 75 
0.5 
= 7. 5 pounds of 50-percent DDT 
in 50 gallons of water 
3. To figure amount of wettable powder needed to mix a spray contain-
ing a given percent of actual toxicant: 
Gallons of spray wanted x percent actual toxicant wanted x 8 
Percent active ingredient in powder used 
Example: 
How many pounds of 25-percent malathion wettable powder are needed to 
make 100 gallons of a !-percent malathion spray? 
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100 X l X 8 
25 = 32 pounds 
4. To figure the percent actual toxicant in a spray mixture: 
Pounds of insecticide used x percent active ingredient in insecticide used 
Gallons of spray x 8 
Example: 
What percent DDT is in a spray in which 8 pounds of 50-percent DDT 
powder were used in l 00 gallons of water? 
8 X 50 
l00 X 8 = 0. 5 percent 
5. To figure the gallons of emulsifiable concentrate needed to mix a 
spray containing a given percent of active ingredient: 
Gallons of spray wanted x percent active ingredient wanted x 8 
Pounds active ingredient per gallon in insecticide used x 100 
Example: 
How much 25-percent DDT emulsion concentrate (2 pounds per gallon) is 
needed to make 50 gallons of an 0. 25-percent DDT spray? 
50 X 0. 25 X 8 
2 X 100 = 0. 5 gallon 
REDUCING TO l GALLON OF SPRAY 
For small jobs, it is often necessary to figure out how much insecticide 
to use for l gallon of spray. If the recommendation is given in terms of 100 
gallons, use the following formulas for l gallon. 
With wettable powder: 
l level tablespoon per gallon of water = approximately l pound per 
100 gallons of water 
With emulsion: 
l teaspoon per gallon of water = approximately 1 pint per 100 gallons 
of water 
Dilution table - emulsifiable concentrates 
Pounds of 
actual chemical Desired pounds per acre of actual chemical 
per gallon of 
concentrate 0. 125 lb. 0. 25 lb. 0. 50 lb. 0. 75 lb. 1 lb. 2 lbs. 3 lbs. 
used (2 oz. ) (4 oz.) (8 oz.) (12oz.) 
pints of emulsion concentrate to apply per acre 
1 1.0 2.0 4.0 6.0 8.0 16.0 24.0 
1i 0.67 1.3 2.6 4.0 5.3 10.6 16.0 
2 0.50 1.0 2.0 3.0 4.0 8.0 12.0 
-.J 
3 0.34 0.67 1.3 2.0 2.7 5.4 8.0 w 
4 0.25 0.50 1.0 1.5 2.0 4. 0 6.0 
5 0.20 0.40 0.80 1.2 1.6 3.2 4.8 
6 0. 17 0.34 0.67 1.0 1.3 2.6 4.0 
7 0. 14 0.30 0.60 0.90 1.1 2.3 3.4 
8 0. 125 0.25 0.50 0.75 1.0 2.0 3.0 
Dilution table - wettable powders (for sprays) 
Percent Desired pounds per acre of actual chemical 
wettable 
powder 0. 125 lb. 0. 25 lb. 0. 50 lb. 0. 75 lb. 1 lb. 2 lbs. 3 lbs. 4 lbs. 
used (2 oz. ) (4 oz.) (8 oz.) ( 12 oz.) 
amount of wettable powder to use per acre 
15 13 oz. 1 lb.' 3 lbs., 5 lbs. 6i lbs. 13 lbs. 20 lbs. 26i lbs. 
12 oz. 5 oz. 
25 8 oz. 1 lb. 2 lbs. 3 lbs. 4 lbs. 8 lbs. 12 lbs. 16 lbs. 
40 5 oz. 10 oz. 1 lb.' 1 3/4 lbs. 1 5 lbs. 1 10 lbs. 2z- lbs. 7z- lbs. -.J 
4 oz. ~ 
50 4 oz. 8 oz. 1 lb. 1 1z- lbs. 2 lbs. 4 lbs. 6 lbs. 8 lbs. 
75 3 oz. 6 oz. 12 oz. 1 lb. 1 lb.' 2 lbs., 4 lbs. 5 lbs. , 
5 oz. 11 oz. 3 oz. 
Dilution table - to obtain a finished spray containing a desired concentration of actual chemical 
Desired concentration of finished spray in percent 
Formulation to 
be used in 100 
gallons o! water 0.01 0.03 0.06 0. 1 0.25 0. 5 1.0 2.5 5.0 
Wettable powders 
(percent) 
t lb. lt lbs. 5 1/3 lbs. 13t lbs. 1:) 3 lbs. 27 lbs. 54 lbs. 
25 1/3 lb. 1 lb. 2 lbs. 3 lbs. 8 lbs. 1.6 lbs. 32 lbs. -...] 
1/5 lb. 3/4 lb. lt lbs. 2 lbs. 5 lbs. 10 lbs. 20 lbs. \.Il 40 
50 1/6 lb. (2t oz. ) t lb. 1 lb. lt lbs. 4lbs. 8 lbs. 16 lbs. 40 lbs. 
75 1/10 lb. (lt oz.) 1/3 lb. 2/3 lb. 1 lb. 2t lbs. 5 1bs. 10 lbs. 25 lbs. 52 lbs. 
Emulsifiable con-
centrate (in pounds 
per gallon) 
1 1 1/3 c. 1 qt. 1 3 qts. 2 gals. 4 gals. 8 gals. 20 gals. 40 gals. 2 gal. 
lt 3/4 pt. 1/3 gal. 1/3 gal. 1 1 1/3 gals. 2 2/3 gals. 5 gals. 
1 27 gals. 2 gal. 132 gals. 
2 2/3 c. 1 pt. 1 qt. 3 pts. 1 gal. 2 gals. 4 gals. 10 gals. 20 gals. 
1/3 c. t pt. 1 pt. lt pts. 1 1 gal. 2 gals. 5 gals. 10 gals. 4 2 gal. 
5 2 fluid oz. 6 fluid oz. 3/4 pt. 2 2/3 c. 3 pts. 3 qts. 1 3/4 gals. 4 gals. 8 gals. 
6 1 3/4 fluid oz. 2/3 c. lt c. 1 pt. 2 2/3 pts. 5 pts. l 3 1/3 gals. 6 2/3 gals. 12 gals. 
1 fluid oz. t pt. t pt. 3/4 pt. 1 qt. 1 1 gal. 1 5 gals. 8 2 gal. 22 gals. 
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TABLE OF EQUIVALENTS 
l level table spoon = 3 level teaspoons 
1 fluid ounce = 2 tablespoons 
l cup = 8 fluid ounces 
l pint = 2 cups 
l quart = 2 pints or 32 fluid ounces 
l gallon = 4 quarts or 128 fluid ounces 
l gallon (United States) = 0. 83 (approx-
imately 4/5 gallon (British or 
Imperial) 
l gallon (British or Imperial) ,; l. 2 
gallons (United States) 
l gallon water (United States) weigho 
8. 345 pounds 
1 pound= 16 ounces or 453.59 gramo 
l gram = 0. 0353 ounces 
l ounce = 28. 3 grams 
l kilogram = 35. 2 7 ounces or 2. 2 
pounds 
1 milligram per kilogram = l part per 
million 
SAFETY PRECAUTIONS AND FIRST AID 
PRECAUTIONS WHEN USING TOXIC PHOSPHATES 
Use natural rubber gloves to prevent absorption through the skin. Re-
move and wash contaminated absorbent clothing 
Avoid breathing any wettable power dust or contacting an emulsion. If 
this io unavoidable, use a respirator specifically made for phosphates. A list 
of reopirators can be obtained by writing to the Department of Entomology, 
University of Minnesota, Institute of Agriculture, St. Paul l, Minnesota. 
PHOSPHATE-POISONING SYMPTOMS AND ANTIDOTE 
Many organic phosphate insecticides ( TEPP, parathion, methyl parathion, 
tetraethyl dithiopyrophosphate, EPN, demeton, Phosdrin, phorate, Di-Syston, 
and schradan) are hazardous to man during mixing operations and application. 
Contact with recently treated plants or surfaces may also be hazardous. Cer-
tain organic phosphates have been found which are considerably less toxic, 
Malathion, Dicapthon, Co-Ral, and ronnel being much less toxic and Diazinon, 
Dylox, and Delnav being intermediate. 
All of the organic phosphates discussed, including the least toxic, pro-
duce similar symptoms in human beings. All require the same antidote. 
The symptoms may be produced by absorption through the skin, inhalation, 
or swallowing. Signs of poisoning include blurred vision (pinpoint pupils), 
abdominal cramps, tightness of the chest, digestive upset, sweating and 
excessive salivation, restlessness, giddiness, headache, and twitching of 
the facial and eye muscles. 
If any of these symptoms occur: 
l. Call physician immediately. 
2. Remove contaminated clothing and wash skin thoroughly with ooap and 
water. 
3. If chemical has been swallowed, induce vomiting. 
4. Keep patient quiet and warm. 
5. Physician may administer atropine as an antidote. 
If you have had these symptoms from organic phosphorous compounds, 
do not handle the compounds again until your physician determines by a blood 
analysis that your condition is satisfactory. Persons who often use these 
compounds should have analyses of the blood made at regular intervals. 
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CHLORINATED-HYDROCARBON FIRST AID 
For Chlorinated Hydrocarbons (such as aldrin, BHC, chlordane, dieldrin, 
DDT, endrin, heptachlor, lindane, methoxychlor, toxaphene, thiodan): 
1. If chemical has been swallowed, call physician immediately. If pa-
tient is conscious, induce vomiting with warm, salty water. Continue 
until vomit fluid is clear. 
2. If chemical has been spilled on the skin or clothing, remove clothing 
and wash skin thoroughly with soap and water. Do not use kerosene, 
gasoline, or other solvents. 
3. Keep patient quiet and warm. 
4. Physician may administer sedatives such as phenobarbital or other 
barbiturates to keep patient calm or to control convulsions. 
MINNESOTA POISON INFORMATION CENTERS 
These centers have been established by the Minnesota Department of 
Health. Their purpose is to provide information for physicians about pesticides 
and common household poisons, their antidotes, and treatments. Most of these 
centers operate on a 24-hour basis. 
Bemidji 
Brainerd 
Crookston 
Duluth 
Fergus Falls 
Mankato 
Marshall 
Minneapolis 
Address Telephone 
Bemidji Hospital Pl. 1-5430 
St. Joseph's Hospital 2861 
Bethesda Hospital At. 1-4682 
St. Francis Hospital At. 1-2490 
St. Lukes Hospital RAndolph 7-6636 
915 E. 1st Street 
Lake Region Hospital 523 
Immanuel Hospital MAnkato 8-1605 
Lewis Weiner Memorial Hospital 2263 
Division of Special Health Services FEderal 9-7751 
State Health Department 
Abbott Hospital 
110 E. 18th Street 
Fairview Hospital 
2312 S. 6th Street 
Minneapolis General Hospital 
619 S. 5th Street 
FEderal 9-8414 
FEderal 6-6691 
FEderal 3-1178 
Morris 
Rochester 
St. Cloud 
St. Paul 
Virginia 
Willmar 
Worthington 
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North Memorial Hospital 
3220 Lowry Avenue North 
Northwestern Hospital 
810 E. 27th Street 
JUniper 8-9451 
FEderal 2-7266 
Stevens County Memorial Hospital 1191 
St. Mary's Hospital AT 9-4581 
St. Cloud Hospital BL. 1-2700 
Ancher Hospital CApital 2-7341 
495 Jefferson Avenue 
Bethesda Hospital 
559 Capitol Boulevard 
St. John's Hospital 
403 Maria Avenue 
St. Joseph's Hospital 
69 W. Exchange 
St. Luke's Hospital 
287 N. Smith Avenue 
Children's Hospital 
311 Pleasant Avenue 
Virginia Municipal Hospital 
Rice Memorial Hospital 
Worthington Memorial 
Municipal Hospital 
CApital 4-7 561 
PRospect 1-5521 
CApital 2-6321 
CApital 2-6644 
CApital 7-6521 
Harwood 1-3340 
Belmont 5-4543 
Worthington 
2-5601 
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RELATIVE TOXICITIES OF SOME INSECTICIDES 
(LD-50 = That amount expected to k:ill 50 percent of the exposed or treated 
individuals) l ounce = 28. 35 grams. 
Insecticide 
Phosdrin 
parathion 
demeton ( Systox) 
endrin 
phorate ( Thimet) 
dieldrin 
heptachlor 
Delnav 
DDVP 
aldrin 
Gut hi on 
Baytex 
Thiodan 
diazinon 
lindane 
chlordane 
Co-Ral 
dimethoate (Cygon) 
ronnel (Korlan) 
Approximate LD-50 -
Dermal (actual insecticide) 
0. 3 gram 
0.5 
0.6 
l.O 
1.4 
4.2 
4.2 
4.4 
5.3 
9.8 
6.2-15.0 
23.0 
25.0 
31.9 
35.0 
48.3 
70.0+ 
70.0+ 
75.0 
Type of Haza.rd 
Mouth, skin, lungs, 
very short residual 
Mouth, skin, lungs 
Mouth, skin, lungs 
Mouth, skin, lungs, 
residues 
Mouth, skin, lungs, 
some residual haz-
ard 
Mouth, skin, residue 
Mouth, skin, residue 
Mouth, skin 
Mouth, skin, lungs, 
very short residual 
Mouth, skin, residue 
{changes to dieldrin) 
Mouth 
Mouth, skin 
Mouth, skin, lungs 
Mouth, skin 
Mouth, skin, lungs 
Mouth, skin, residue 
Mouth, skin 
Mouth, skin 
Mouth, skin 
Inoecticide 
C.:ibrom 
DDT 
Sevin 
malatl1ion 
Dylox (Dipterex) 
methoxychlor 
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Approximate LD-50 -
Dermal (actual insecticide) 
77.0 
176.0 
280.0 
311. 0 
350.0 
420.0 
Type of Hazard 
Mouth, olein, lun[jo, 
short reoidual 
Mouth, very lonG 
residual 
Mouth 
Mouth, ckin 
Mouth 
Mouth 
The valueo listed above are toxicities based upon skin absorption. 
Ratings based on oral toxicities would change the placings of some chem-
icalo. 
It io important to keep in mind that the toxicity of a material is not 
the oarne thing as the hazard involved in its use. An insecticide such as 
Pho odrin or parathion, if handled and applied properly -- following all 
recommended precautions, presents a lower hazard than the careless hand-
ling and application of a "sater 11 material. 
SUMMARY OF IN SEC TIC IDE USES 
(FIELD CROPS AND LIVESTOCK) 
This cummary ic divided into two parts. In part I the crops and 
livectock are licted alphabetically. After each crop or livestock the 
common insects are listed. In the third column is an alphabetical list 
o£ the insecticides presently registered and recommended for each use. 
In part II the insecticides are listed alphabetically in the first col-
umn with the currently recommended uses in the following columns. 
This summary will give you a quick reference to the current uses 
o£ insecticides for the control of field crop and livestock pests. Infor-
mation on dosage, time of application, restrictions and limitations is 
extremely irnportant and will be founr_;, on labels on the containers, lit-
erature cupplied by the manufacturers and in current University of Min-
ne cota publications. (see list of references). 
I 
Crop 
Alfalfa, clover 
Corn 
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Insect 
aphids 
grasshoppers 
leafhoppers 
plant bugs 
sweet clover weevil 
armyworm 
aphids 
corn rootworm 
cutworms 
European corn borer 
Insecticides 
demeton(Systox) 
malathion 
parathion 
Phosdrin 
diazinon 
dieldrin 
malathion 
sevin 
diazinon 
methoxychlor 
DDT (seed crop) 
dieldrin:(seed crop) 
endrin (seed crop) 
toxaphene 
aldrin 
dieldrin 
toxaphene 
dieldrin 
endrin 
toxaphene 
parathion 
phorate (Thimet) 
aldrin 
heptachlor 
aldrin 
DDT 
dieldrin 
endrin 
heptachlor 
toxaphene 
DDT 
endrin 
EPN 
sevin 
toxaphene 
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Crop Insect Insecticides 
Corn grasshoppers aldrin 
diazinon 
dieldrin 
malathion 
sevin 
·toxaphene 
white grubs aldrin 
dieldrin 
heptachlor 
wireworms al¢l.rin 
dieldrin 
heptachlor 
lindane 
Flax crickets dieldrin 
cutworms DDT 
dieldrin 
endrin 
toxaphene 
Small Grains aphids malathion 
parathion 
Phosdrin, 
armyworm dieldrin 
endrin 
toxaphene 
cutworms dieldrin 
endrin 
toxaphene 
grasshoppers aldrin 
dieldrin 
toxaphene 
thrips {barley} parathion 
wireworms aldrin 
dieldrin 
heptachlor 
lindane 
Soybeans cutworms DDT 
dieldrin 
endrin 
toxaphene 
Crop 
Soybea11-s 
Sugar Beets 
Potatoes 
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Insect 
grasshoppers 
white grubs 
wireworms 
beet web worm 
cutworms 
wireworms 
aphids 
Colorado potato beetle 
Insecticides 
aldrin 
dieldrin 
toxaphene 
aldrin 
dieldrin 
heptachlor 
aldrin 
dieldrin 
heptachlor 
lindane 
Dylox 
endrin 
sevin 
toxaphene 
endrin 
dieldrin 
aldrin 
dieldrin 
demeton (Systox) 
diazinon 
Di-Syston 
Dibrom 
endrin 
malathion 
parathion 
phosphamidon (Dimecron) 
phorate ( Thimet) 
Thiodan 
DDT 
diazinon 
Dibrom 
endrin 
Guthion 
phosphamidon (Dimecron) 
sevin 
Thiodan 
toxaphene 
Potatoes 
Livestock 
Beef cattle 
(and non lactating 
dairy cattle) 
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Insect 
fleabeetle s 
leafhoppers 
wireworms 
Insect 
cattle grubs 
flies 
Insecticides 
DDT 
diazinon 
Pibrom 
Disyston 
endrin 
Gut hi on 
phorate ( Thimet) 
phosphamidon (Dimecron) 
sevin 
Thiodan 
toxaphene 
DDT 
demeton (Sy:s.tox) 
diazinon 
Dibrom 
Disyston 
endrin 
Gut hi on 
malathion 
phorate ( Thimet) 
pho sphamidon 
sevin 
Thiodan 
toxaphene 
aldrin 
dieldrin 
Insecticides 
ronnel ( Trolene) 
Ruelene 
rotenone 
Co-Ral 
Ciodrin 
DDVP (Vapona) 
DDT (in backrubbers) 
Delnav 
malathion 
methoxychlor 
Pyr~.t·hrins 
toxaphene 
ronnel (Korlan) 
Livestock 
Beef cattle 
(and non lactating 
dairy cattle) 
Dairy cattle 
Poultry 
Sheep 
Swine 
II By Insecticides 
Insecticide 
aldrin 
-
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Insect 
lice 
cattle grubs 
flies 
lice 
mites, lice 
keds {11 Ticks 11 ) 
wool maggots 
mange, lice 
Crops or livesto9k 
corn 
Insecticides 
Co-Ral 
Delnav 
lindane 
malathion 
methoxychlor 
ronnel (Korlan) 
toxaphene 
rotenone 
Ciodrin 
DDVP (Vapona) 
Pyrethrins 
malathion dust 
methoxychlor dust 
Pyrethrins 
rotenone 
Co-Ral 
malathion 
sevin 
Co-Ral 
Delnav 
DDT 
lindane 
malathion 
methoxychlor 
ronnel (Korlan) 
toxaphene 
screwworm smears 
Co-Ral 
Delnav 
lindane 
ronnel (Korlan) 
lindane 
Insects 
cutworms 
rootworms 
white grubs 
wireworms 
grasshoppers 
Insecticide 
aldrin 
Co-Ral 
DDT 
DDVP (Vapona) 
demeton (Sy-s.tox) 
Delnav 
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Crops or livestock 
small grains 
soybeans 
sweet clover 
potatoes 
beef cattle 
.poultry 
sheep 
corn 
alfalfa, clover 
(for seed) 
potatoes 
beef cattle 
sheep 
cattle, dairy and beef 
alfalfa 
potatoes 
beef cattle 
Insects 
grasshoppers 
wirew'orms 
grasshoppers 
white grubs 
wireworms 
sweet clover weevil 
wireworms 
white gruqs 
lice 
flies 
screwworms 
mites 
lice 
keds 
wool maggots 
European corn borer 
earworm 
cutworms 
plant bugs 
leafho~pers 
Colorado potato beetle 
flea beetles 
leafhoppers 
h0rnflies 
(in backrubbers) 
keds (''Ticks") 
flies 
aphids 
leafhoppers 
aphids 
leafhoppers 
lice 
hornflies 
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Insecticide Crops or liv.estock Insects 
Delnav sheep keds 
wool maggots 
diazinon alfalfa, clover leafhoppers 
grasshoppers 
corn grasshoppers 
earworm 
potatoes aphids 
Colorado potato beetle 
flea beetles 
leafhoppers 
Dibrom {naled) potatoes Colorado potato beetle 
flea· beetles 
leafhoppers 
dieldrin alfalfa, clover grasshoppers 
crickets 
sweet clover weevil 
corn armyworm 
cutworms 
grasshoppers 
white grubs 
wireworms 
small grain armyworm 
cutworms 
grasshoppers 
wireworms 
flax .crickets 
soybeans cutworms 
grasshoppers 
white grubs 
potatoes wireworms 
white grubs 
Disyston potatoes aphids 
flea beetles 
leafhoppers 
Dylox sugar beets webworm 
Insecticide 
endrin 
E.PN 
Guthion 
heptachlor 
lindane 
malathion 
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Crops or livestock 
alfalfa, clover 
(for seed) 
corn 
small grain 
sugar beets 
potatoes 
corn (canning) 
potatoes 
corn 
soybeans 
corn 
soybeans 
small grains 
(seed treater) 
beef cattle 
sheep 
swine 
alfalfa, clover 
corn 
Insects 
plant bugs 
leafhopper 
armyworm 
cutworms 
European corn borer 
armyworm 
cutworms 
webworm 
cutworms 
aphids 
cutworms 
Colorado potato beetle 
flea beetles 
leafhopper 
European corn borer 
Colorado potato beetle 
flea beetles 
leafhoppers 
corn rootworm 
cutworms 
wireworms 
white grubs 
white grubs 
wireworms 
wireworms 
lice 
keds 
wool maggots 
mange·, . lice 
aphids 
grasshoppers 
leafhoppers 
grasshoppers 
Insecticide 
malathion 
methoxychlor 
parathion 
phorate ( Thimet} 
Phosdrin 
phosphamidon 
(Dimecron) 
ronnel 
(Korlan, Trolene) 
Ruelene 
sevin 
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Crops ·or livestock 
small grain 
beef cattle 
dairy cattle 
poultry 
sheep 
alfalfa, clover 
beef cattle 
dairy cattle 
sheep 
alfalfa 
corn 
small grain 
barley 
potatoes 
potatoes 
alfalfa, clover 
small grain 
potatoes 
beef cattle 
sheep 
beef cattle 
alfalfa, clover 
Insects 
aphids 
grasshoppers 
flies 
lice 
flies (as dust only) 
mites 
lice 
keds (11 Ticks") 
leafhoppers 
flies 
lice 
flies (as dust only) 
keds (!'Ticks"} 
aphids 
thrips 
aphids 
leafhoppers 
aphids 
flea beetles 
leafhoppers 
aphids 
aphids 
Colorado potato beetle 
flea beetles 
leafhoppers 
cattle grubs 
lice 
flies 
keds 
wool maggots 
cattle grubs 
lice 
grasshoppers 
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Insecticide Crop or live stock Insects 
sevin corn earworm 
European corn borer 
grasshoppers 
sugar beets webworms 
grasshoppers· 
potatoes Colorado potato beetle 
flea beetles -
leafhoppers 
poultry mites 
lice 
Thiodan potatoes aphids 
(endosulfan) Colorado potato beetles 
flea beetles 
leafhoppers 
alfalfa, clover plant bugs 
(for seed) grasshoppers 
toxaphene corn army.worm 
cutworms 
grasshoppers 
European corn bo.rer 
small grain grasshoppers 
army worm 
potatoes Colorado potato beetles 
flea beetles 
beef cattle lice 
flies 
sheep keds ("Ticks") 
scab 
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F.S. No. 
1 
2 
4 
5 
7 
8 
9 
11 
12 
14 
17 
20 
21 
Title 
European Corn Borer and Corn Earworm Control 
European Corn Bo;rer Control with Granular DDT 
Insect Control on Forage Crops 
Controlling Cattle Lice 
Chemical Control of Soil Insect Pests of Corn 
Indian Meal Moth Control in Stored Shelled Corn 
Insects in Stored Grain 
Controlling Insects in the Home Vegetable Garden 
Army worms 
Controlling Corn Rootworms 
Insect Pests of Poultry 
The Apple Maggot 
Cankerworms 
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CEREAL LEAF BEETLE 
John Lofgren 
Extension Entomologist 
A New Pest in The U.S. 
This serious pest of cereal crops in Europe is now established in an 
area of at least 1, 000 square miles in southwest Michigan and northern 
Indiana. The infestation was first reported in 1962 but it is believed to 
have been present for about 3 years. The infested area is now under 
quarantine to prevent the accidental movement of the beetle in infested 
commodities such as hay, straw, etc. It is possible that some of the 
insects may have been transported to other parts of the country before 
the quarantines were established. 
This pest has been intercepted earlier at various ports of entry 
and it is most likely that the present infestation came via the St. Lawrence 
seaway and Great Lake ports. · 
Description and Damage 
The adults are about 1/4 inch long with a black,~head, light brown 
thorax and matallic blue-black wing covers. They are very active and 
move "nervously, 11 much like the adults of corn rootworms and cucum-
ber beetles. 
The larvae are orange brown to black in color and a little over 
1/4 inch long when full grown. They have about the same shape as the 
larvae of the Colorado potato beetle. Both stages feed on cereal. grains, 
grasses or corn. 
Damage is done to the leaves which are skeletonized and this stunts 
or kills the plants. 
Life History 
The biology of this insect in the U.S. is not thoroughly known but 
it is generally understood to have one generation per year. In the spring 
the hibernating adults emerge and lay eggs directly on the leaves of young 
grain plants. The larvae then feed through May and into June. The adults 
emerge during the first part of July and move to corn where they feed 
actively for a while. They overwinter in and under debris in the fields, 
roadsides, fence rows or uncultivated areas. 
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No specific contJ.Tol measures can be recommended at this time although 
malathion sprays have been effective in Michigan. 
If insects fitting these descriptions are found in small grain or corn 
specimens should be submitted to the Entomology Department, University of 
Minnesota. immediately. County agents will be able to handle the mailing 
of specimens and other necessary information. 
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